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RRACO:,: Labora tor ies  Pivision of A l l i d  2 e s e s r c h  Ac,soci,ztes, 

Inc. has bcczl oaerat ing coiiiputc? fac i l i t i es  Lt thz 2:ASA 

;Lnd Poirit > \ - u p  C 3 A  stat ions in  sup?o?:t 01 TI-3.OS operations. 

support  iriv olvc s o r  Iji t -by - orbit  de t e r 1 ,i i nczt i 011 and p red i c ti on of :; Lt e 11 i t  c 

Carncra att i tude and  the u s e  of t h e s e  a t t i tu>ics  f o r  the cornputstion nnd 

autorustic drawing of lat i tude - lonLitu4c perspec t ive  ovi:r.hy grits fo r  

gcoGraPhic rcfcrericing of thc  TIROS pictures .  

~ 1 1 0 2 s  Station 

The 

This r epor t  provides basic  docu:;icntatio:i of the t,-/o principzl  

proSrzi.ims involved - - the TIROS Sequcnce of F ic iu re  85t;ri 1.; (SPC-) h t i t u ' e  - 
longitude g r i d  ~ra\y;inn 0 p r o g r z m  and t;ie TlRGS :-Iorizon Serizor Cats 

reduction pro:;rams ( i i -1  and 1-i - 5 ) o  

program,  all the other  pr incipal  prozrsil ls  u s e d  zt the CDA stations use 

much the same basic  geoi-Lietry and s i m i l a r  forri-lulas. 

ta i lo red  t o  the specific requirerneiits. 

-,.: ith t h e  exception oi tiic :,:SAP 

Input-output i s  

The motivation for this report  i s  the necess i ty  f o r  h s i c  informatioil  

on p r o g r a m  nature t o  per,mit inte1li;eiit se lzct ion of n successoi* coxnputcr t o  

the Ben2i.x G-15D units no..;. in opcrr?.tion xt tile CDA stations.  

probable  that t he i r  caiiacity -,:)ill be exceedcd by t h e  Cat; f roxi  thz l z rge  nuc ibcr  

of TIECIS ; A t e l l i t e S  now plann(2il f o r  e z r ly  l.l-unci;, 

e ccen t r i c  orb i t s  ard ur:cor.vcntionnl ca:r:era systcrr:j: -;Ail cntai i  cs tcns ive  

reprogrrai-nr:iin; ia any evcnt,  s o  t%zt t . ie col-::put::r ciiax;e should be made 

a t  thia t ime.  

I t  is 

T!ie p r o h b l e  'use of 
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SECTIOIS 1 

TIROS GRJi) PROGRATd 

1 .  Introductory ---- 

1. 1 Introduc" Lion ___------ 
? h e  cur ren t  Allied Research  1atiLude-lon;i'cudP g r i d  prograrn was 

i-.velo;;el: in a c r a s h  program of a few w e e k s '  duration and was delivered 

fo r  d s c  at TIROS 111 launch. F o r  rcaximum progran1iiiii:g speed i t  was 

c o ~ . ~ t r a c t e d  in sect ions b y  different p r o g r a m m e r s  working virtlJalljr in-  

.!~?~1-,3cntly, and normally the f i r s t  codings which worked were  accepted 

01: the  spo t .  Additional lii?kc?gc p r o g r a m s  were  inser tcd cllJrinz, f ina l  

asstinLll/ to c o r ~ p e n s a t e  for  the contrasting coding prac t ices  that h2d 

2 vo lv3  c!. 

In addition to furaisli inz a quick expedient for TIROS 111, th i s  prozra:.] 

was intended to supply a f i r s t  t r i a l  of concepts to be used  in the f inal  full  r e -  

Frograrnminz that w a s  aiitici2ated in the event that operatioils continlied 

v i t h  fur ther  Latzllitcs. 

se rved  too w e l l ,  and the need for a major f inal  effort of prograrnmin;: and 

Unfurtclnately, thla t empora ry  expedient has 

documentation h s s  not been apparent  until the present, 

The p resen t  repg't includes backzround considcrationo, bas ic  georri - 
. 

e t r y  and mathcrnaiics uced, and matheinatic2.l flow char t  f o r  t he  g r i d  c a l -  

cJlatiar,s. Coding de ta i l s ,  program Sookkeepinz, and both in t e rna l  and 

est;.rr,al sz ry ice  routi:ics a r e  or:?itteJ. Ho,;gever, de ta i l s  of p r o g r m  

s;?er  ation are included. 

1 .  2 O r l  - i n  Lfotivatior. a:ld R?.sic Concc;3tE; 
---AL.-L ---__---- - -- 

The prosrarr: section which draws  a 6ingle Zrid is based on t h e  o r i z -  

ir.al All ied R e s e a r c h  ; r id  prograr:, that  was developzd uilder Air F o r c e  

Coxtract ,W 19(  to.:) - 552 1 (Refcrence 1 , Appendix -4) and which was tested 

at Pt. hV!u;u duri,I; opcrati3:18 v,iith TLROS I1 under U . S .  Wcathm E u r e a u  

Contract C c L  10023 .  r?lthou,,h rzcodccl for  bet ter  efficiescy and to f i t  

b l i L  hc l j  a l t e r e d  ~ 2 3 1 1  c t r ] ,  f u n d a n e n t a l  changes were  avoided in  o r d e r  

t d  i n s u r e  meetin;; tiis lzuxch da te  f o r  TIROS 111. 
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The t e s t  with T R O S  I1 had made it abundantly c l e a r  that r c a l - t i m e  
\ operat ional  u se  would tie feasible  only \i,ith the capabili ty fo r  producing 

en t i r e  cequefices of g r i d s  automatically. This m e a n t  autor,>ation of the 

input da ta  f o r  the i d i v i d u a l  g r i d s ,  and a l s o  v e r y  rcl iablz  built- in t e s t s  

to inoure that understandable and usable outputs would be produced 

s teadi ly  throughout an  hour o r  more  of unatteilclcd operation. The majoy 

programmiaz  effort  on thz g r i d  p r o g r d - 3  f o r  TIROS 111 was to implement  

the s e  added f e a t u r e s  while m aintaininz a rcxsonable speed of ope r a t  ion. 

.. 

A m a j o r  new sect ion in the grid p rogram calculc?te,- sa te l l i l c  

ephzmer idcs ,  continui:ig th roush  sa te l l i t e  or ientat ion,  to produce a l l  of 

the constants  needed f o r  the object-image transIormat!on in the c ~ ~ m  e r a ,  

and including the derivation of various geogra;>hical locations iIiiportal1t 

for the g r i d  intrryretzt ion.  The repeti t ive tyPe -in of commoa da ta  was 

virtually elirriinatccl b y  s t o r  in; satelliZc o rb i t  e lements  and sun ephemcr idec  

on magnet ic  tape,  and the necessa ry  tape handlin;: and tab!c s e a r c h  rout incs  

w e r e  adapted and fitted into the overal l  p rog ram.  Separa te  p r o g r a m s  w e r e  

wri t ten to control  the preparat ion and s torage  of thi; da ta  cn  tape; those 

p r o g r a m s  will he ciescribed elsewhere.  

To s t r eaml ine  th? sections mos t  often repeated,  and to  pe rmi t  auto-  

ma t i c  recycling of the relat ively large total  p rogram needed at p r e s e n t  

for  each  g r id ,  thosc sect ions a r e  s t o r e d  on a second m a p e t i c  tape. 

indexed executivi,? pro,g,ra-z> v a s  devised to coctrol  the rcactizg of progra in  

commands f r o m  th is  tape; it permi ts  ful l  buffering of both rcrzclinz and 

fi le -code searching ,  while providing a.l the same t ime fo r  re-rsCading aily 

block which shows a c h ~ c k - s u ~ m  e r r o r .  

is now ful l  m o s t  of the t ime,  i t  is usual ly  not possi51,o to use  the s t anda rd  

Pend ix  P r o z r a m  Prepa ra t ion  Routine with it.  Therefore ,  i t  via6 n e c c s s a r y  

to devise  m o r e  compact s e rv i ce  routines to e n t e r  commands and to f a c i l i -  

t a te  debugzing and pro2ra-n modification. 

An 

Since rnost of the ConJputtr m e m o r y  

Consideration w a s  givzn to common magnet ic  tape s torage  and con- 

solidation with the other  p r o g r z n s  viliich wer?  being devzlopecl zt the s a m e  

t ime  f o r  T N O S  111 launch (h,L'iGAP, ODAM, H-1 ,  e t c . ) ,  s incc  they r equ i r e  

port ions of the s a m e  in?t.tt da ta  arid of th: same ephtmericles.  

i t  seemed unwise to atti3rnpt this level  of iiiteZrstion durinz the c r a s h  p r o -  

&ranl  shor t ly  'osforc: T R O S  I11 launch. 

Howzver ,  

-2 - 



A major  consi2Leration throuthout  a l l  of the p r o g r a m s  was to  i n s u r e  

e f f ic ien t  u s e  of the o p c r a t o r '  s t ime in the ac tua l  clny-to-day applications. 

Thus the f o r m a t  and units of typed-in information were  chosen to cofncidc 

ag near ly  as possible with those ahich have become the trabitio:ial dai ly  

' ' 1 in~o ' '  a t  the TIROS readout s i tes .  

t ion code6 and data to the prograins  is grouped as much as f eas ib l e  into 

introductory portions of the prozrarn,  a f t e r  which the machine  is lef t  to 

opc'ate unattended f o r  as lon2 as possible.  

F u r t h e r m o r e ,  the type-ins of i i i3 i ruc  

- 3  - 
.. 



2. 1 Bas ic  Geometry:  Description and Calcul2tions - - 
2. 1.  1 Orbit  E lements  
__---I_-- - 
The g r i d  program is designed to u s c  o r b i t  e lements  as they a r c  r e -  

Typically,  a m e s s a g e  ceived on teletype at the TIROS read-out  stations.  

i s  rece ived  about once p e r  week :,ivinz thZ s e m i - m a j o r  ax i s ,  eccentr ic i ty ,  

inclination, argurilent of per igee ,  and r izh t  ascens ion  of asccndir,g node a t  

a r e c e n t  epoch, as well as L I e  f i r s t  t ime dcr ivat ivc of the l a s t  two quantit izs.  

The position of the sa te l l i t e  a t  epoch is given by i ts  m;:m anomaly. 

o thzr  quantit ies are included in  the messaSe ,  of which the prescnt  pro2ra-m 

uses  the a-nomalistic period and its f i r s t  t ime der ivat iv?.  

of these  messages  is receivecl, thzse quantit ies a r e  storzc! on magnet ic  

Cer ta in  

Whcncvcr one 

t spc ,  to L e  r e a d  in by  the computer whenever needed. 

The o rb i t  e lements  a t  a la te r  epoch a re  calculated by l i nea r  ex t rapola-  

t ion,  i. e . ,  f o r  each  quantity Q, 

Q = Q o + ( t - t ) D C  0 (1) 

where  0 

The epoch of the m e s s a g e  is t 

e lapszd t ime ( in  days and fraction of a day, if DO is used  as received) .  

is the value rece ived  iii the m e s s a g e ,  and DQ i t s  r a t e  of change. 
0 

and the m w  epoch is t ,  such  thzt t - t is 
0 0 

F o r  each  sequence of gr id5 to be drawn,  the t ime and longitude of 

an adjacent northbound equator crossing is t y p d  in, usin2 the  va!ucs 

given in t h z  complcte l is t  of  the^ d i t ?  v:hick? i r  S ! S O  rfjccivec? via tele- 

type. In principlc,  thcsz also could be calculate3. However, in effect 

the extrapolstion f o r  these quantit ies involves t h e  total  rotat ions of the 

e a r t h  and total  revolutions of the sa te l l i t e  around i t s  o rb i t  s ince  epoch. 

These are not s m a l l  qusr. t i t ies,  E O  t h t  th2 dEsi;.ec! accu racy  vaulcl r c -  

q u i r e  re la t ively hi:h precis ion i n  the extrapolation. 

The longitude of the ascending node, 8, is now found from 

8 = t ( D n  - DS) ( t  - t l )  (2)  

whzre  6 a r e  the longitude and tirile of the northbouild equator 

c ros s ing  as typed in, DS: is the t ime cierivstive of r igh t  ascens ion  of 

and t 1 1 

ascending node, DS i s  the s iderea l  anzular  velocity of the ear th ,  and 

‘i 
- J 
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t is  the t ime f o r  which 8 i 3  being cnlculntsd. The a l te rna t ive  

of der iving thio quantity by i1iter;;olation between NASA values 
f’. - - I  
\.- .I 

po s B ibilit y 

fo r  two 

adjacciit northbound cross inZs  was discarded  to reduce  the nurnbcr of 

typed inputs (a l l  t he  o the r  quantit ies are avai lable  to the computcr  f rom 

the l n a p e t i c  tape Gtoraze). “ r_  

2.1 .2  Coordinate  Sys t ems  

The preceding pa rag raphs  use the u s u a l  geocent r ic  equator iz l  co- 

orclinate s y s t e m :  unit vec to r s  - i toward ve rna l  equinox, - li  toward nor th  

ce l e s t i a l  pule, a n d j  to fo rm a riziit-hnndcd t r i a d  f rom & i, - k. 
right ascens ion  and declination a r e  conventional polar  coorJ ina tes  r e -  

f e r r e d  to this  r e f e r e n c e  f r a m e .  

The 

VJe shz l l  a l so  r e f e r  to o ther  stan-lard coordinate  ~ y s t e m s ,  f o r  iiiuch 

of the cor r ip ta t ion  in the ; r i J  pro=,ram s imply  cons i s t s  of repczLted t r s n s -  

for ina t ions  between them. 

the or ientat ion of the rizht-handed t r i ad ,  1, Le k r equ i r ed  in each  case :  

VJe descr ibz  t h z o  e coord ina tes  by spzcifyirig 

Geographic  coordinates  a r e  geocent r ic ,  - i i s  in the Greenwich 

mer id i an ,  - k is nor th ;  w e  use  north geocent r ic  lLztitude m c l  e a s t  lonzitudz 

r e f e r r e d  to t5ese axes. 

Orbi ta l  Nodal coordinates  a re  geocent r ic ,  - i points to the ascenc‘in:, 

nadep - k is the posi t ive no rma l  to the plaiie of the orb i t .  

lonzitucle in this sys tem is kno..m as a r z u m e c t  (o r  even “argument  OS 
l a t i tude”) ;  thc ef fec t ive  latittlde, b, has  no cornmoil name.  

The effective 

Locs! Orbi ta l  coord ina te s  a r c  ceoccnt r ic ,  - k i o  the  posit ive n o r m a l  

to the orb i t  plane, - i points to;yard thc sa te l l i t e .  

Local GeoLraphic coordinates a r e  seoccn t r i c ,  - i poiilts to the s a t e l -  

lite., k points nor th  a6 seen f rom the sa te l l i t e .  - 
Topocentr ic  orb i ta l  o r  zeozraphic  coor ,J inates  a r e  or ien tcd  j u a t  

like t he  corresponding local  coordinates,  but the o r i s in  i3 taken at the 

sa te l l i t e  (at the f r o n t  noLczl poiat of the sa te l l i t e  c a m e r a  lens) .  

Alt:louz,h :xuch descr ip t ion  uses  angles ,  the t r ans fo rma t ions  a r c  

all t r ea t ed  ill the g r i d  p r o s r a m  in ca r t c s i an  t e r r n s ,  as m a t r i c e s  mult iply-  

in; vectors ;  the t r igonomciry  is  s imply col lected into Cartesian-polar  

CGr&versions and into der ivat ion of m a t r i s  e lements .  We sha l l  der ive  any 

rotatioil a3 a sequer.ce of s imple  rotat ions of the t r iad  of unit vcc to r s ,  in 

-5 - 



each  of  which one axi.; r e m a i n s  fixed. We define [ I ( + ) I  to sigp.ify the 

m a t r i x  for one of.theGe ro ta l ions ,  where I = 1 ,  2 ,  or  3 spec i f ies  that  thtl 

rotat ion was around 5 ip o r  - k respect ively;  Q, is the arnount of rotat ion.  

It can be seen  that [ I  ( + ) I  

.-- 7 
\J 

-1  
= [ I ( -  + ) 1  . For r e f e r e n c c ,  w e  l i s t  the 

fo rmulas  f o r  the s i inple  rotat ions:  

[ 3 ( 4  = 

1 0 0 

0 cos s in  4 
0 - s in  +I 

cos Q, 0 

s in  Q 0 

0 1 

- 
cos Q, s i n  Q 0 

- s in  + cos Q 0 

- s i n  Q 
0 

cos Q 

L O  0 
1 

2.1. 3 Satel l i te  Posi t ion - - 
In the p re sen t  p rogram,  the sa te l l i t e  posit ion at pic ture  t ime i s  

computed using conventional approximations fo r  o r b i t s  of s m a l l  eccen-  

t r ic i ty .  To f i r s t  o r d e r  in eccextr ic i ty ,  we have 

r / a  5 1 - e cos M (4a) 

v = M t 2 e  s in  iM ( r ad ians )  (4b) 

where a i o  the semimajor axis  and e the eccent r ic i ty ,  arid where M is 

the 'mean anomaly, v the t rue  anornaly and r the d is tznce  frorn the center  

of the earth. tu the satel l i te .  T h e s e  foi-i-i:ilas ir.tro:iuce C T ~ O T S  the  oFdcr  
L of e 

m i l e s  above and be low 2rograrnmed height co r re sponds  to a ma.jor launch 

the f i r s t  t e r m s  omitted.  A variat ion of TIROS alt i tude of 1 0 0  

e r r o r  which produczd  an eccent r ic i ty  the o r d e r  of c = , 0 2 5 ;  this c a s e  wao 

rea l ized  n i t h  TIROS V. 

o r d e r  of ae 

produce; e r r o r s  thz o r d s i  of e 

g r e e s  in ar ,o~naly;  this in tgrn  cor responds  to a b u t  2 . 7  m i l 3 s  in p0sitio:i. 

F o r  this c a s e  Equation (ea.)  p roduccs  e r r o r 8  the 
2 '  = 4 0 0 0  x . 0 0 0 6 2 5 ,  o r  2.5 miles in height,  Equation ( 4 b )  

2 = .000625 r ad ians ,  or  rouzh ly  .04 de-  

.. 
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Clear ly  thz e r r o r 0  just  quoted aye well within the r equ i r emen t s  for  

:-I .C - opera t iond  analysis  of TIROS pictures .  However,  the p re sen t  p rogram 

calculates s e r ious ly  erroneouo positions f o r  a t ru ly  el l ipt ical  o rb i t  such 

a s  the suggested TJROS e q e r i i n e n t  in vihich height would v;ry bct\vcen 

300 and 3000 m i l e s .  
--. 

The approximations' aciually do not save enough 

operating t i m e  o r  program storage spsce  to jtistify this l imitation, and 

it is sugzested that this be rewrit ten using conventional calculations with- 

out mathcmat ica l  approximations.  

In the p re sen t  p rogram the orb i t  i s  a130 specified approximately.  

The  bas i c  t i m e  r e fe rence  for  a l l  calculations concerning one sequence of 

picture  g r ids  is taken as the northbound equator c ros s ing  for which t ime  

and longitud.:: w e r e  typed in. Therefore  , the orb i t  elernexts a r e  e x t r a -  

polated to this epoch using Equation 1, and those v a l u z s  are used  through- 

out that sequence of gr ids  without calculati:!a thz t ruz  additianal small 

changes. 

through a sequence, and the satel l i te  position e r ro r s  generated by ignoring 

this change a r e  only the o rde r  of eccent r ic i ty  t i m e s  thc angle e r r o r .  

the program the r igh t  ascension of ascending node is used explicit ly only 

in calculating sun  posit ion relative to  the satel l i te ,  and the f rac t ion  of 2 

degree  by which i t  changes is of no consequence. 

The argument  of perigee chanzec by  only a f r a c t i o n  of ;I degree 

In 

In calculating the satel l i te  geographic position i t  is n e c e s s a r y  to 
A' - - - - A : - -  - 5  - n u ~ ~ l n n  ,x,hirh i r  i n n n r c d  above. This  is 

Lulllpeiia:,i.cz L u A  b A A b  A..ybiV.. _-  t,-- - " 

done b y  using the nodal period in; tead. of the anomalis t ic  period in dcfininz 

the effect ive v a l u e s  of rilean anomaly, hf, to h e  used  in Equations (cla), (4b):  

M = 25r (t - t ) / Tn ( rad ians)  ( 5 )  P 
w h e r e  ( t  - t ) is  t ime elapsed since per igee ,  and T 

the same units being used for both. 

i s  the  nodal per iod ,  n P 

The extrapolated orb i t  e lements  provide the a rgument  of per igee  

direct ly ,  whereas  the t ime  of perigee is r2quire.d for  the! m e a n  atloimaly; 

hence the t ime  m u s t  be calculated. 

soon as  the orb i t  e lements  at  northbound equator c ross ing  have baen  J e -  

termined:  the a rgument  of perizee is inser ted  f o r  v in En,uation(4'D), f h z  

resultin: t ranscendectal  Xcpler'  5 equation is S O ~ V S C !  fo r  X, ar.d finally 

t - + = (1,fT-i' ) / 2 n ,  wrhere t i s  th? t ime  of na+thbound cqcztor crossi i iz ,  

t . is  time of p e r i g c z ,  a:id T is nodal  period. 

T h e  p rogrz rn  accomplishes  this  as 

. 

'. P '1 n 1 

P n 
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From the foregoing calculations, the a rgument  of thc sa te l l i t e ,  L, 

i5 obtained as 

L = w - t v  ( 6 )  

where? w is the a rgument  of pcrigec at the t i m e  of northbound cquator \ 

crass ing ,  and v is t r u e  anomaly of sa tz l l i t e  according to thc appros i -  

 ation ion descr ibed  above. The inclination i c  kriown, of course.  Final ly ,  

we de te rminc  the longitude of ascendir.2 node at the actual  t ime in clues- 

tion ( i .  e . ,  p ic ture  t ime)  f r a m  Equation (2), and the position of: the s a t e l -  

l i te is coniplctely specified relative to thc ea r th ,  in o r b i t a l  riodal 

coordinates.  

Conversion to geographical coordinates r e q u i r e s  a negative ro t a t i ca  

about ascending node by the inclination, i, followed b y  a nei;ative rotatioii 

allout north b y  the longitude of the a sce rd inz  noc!c, 0. 

r ad ia l  distance,  r ,  we deal  wirh the subpoint on a sphe r i ca l  earth of unit 

radius:  

Dividing out the 

where x, y, z a r e  Cartesian components r e l a t ive  to the geographical  s y s -  

t em,  such  that the lonsitudz F and the geoc..ntric latitude y a r e  given by 
n 

y = a r c  si:n ( z )  - Y U  < y < Y U "  
- c  

2.1.4 Descr ipt ion of Jlirectionc 
I-- ---- 
A unit vector  m a y  he t ranslated a t  will 1;githout affecting the d i r e c t -  

tion which i t  specif ies .  

o r ig in  of any coordinates  tha-t a r c  convenient, and desc r ibe  i t  by the c o r -  

respoading Cartesian o r  polar coor1iiiates. At var ious t i m e s  the p re sen t  

p rogram uses  direct ions specifiz6 in the usual  geocent r ic  equator ia l  s y s -  
t em,  the orb i ta l  nodal syster; l ,  and in both local s y s t e m s  ( sze  sect ion 

2. 1 .  2 ;  not: that  each  local 2nd its associated topocentric sys tem are 

equivzlznt fo r  descriLin2 a direction).  

Thus we may visualize i t  as being affixed to  the 
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The conversion f r o m  equatoric?l to  orb i ta l  nodal s y s t e m s  is p e r -  

forn-led-as a s t anda rd  t ransformation,  as desc r ibed  e a r l i e r .  This  con-  

vers ion  io needed, f o r  example, for thz sun ephemer i s .  \ire LTiritc the 

0ri';i:ial Cartesian components of the d i rec t ion  ex2l ic i t ly  as functions of 
its r izh t  ascension,  a ,  and its  declination; 5. The t r ans fo rma t ion  con- 

Eists of a rotat ion about north by 9,  the r ight  ascens ion  of ascending 

nodes followed by a ro ta t icn  about the node by i ,  the  inclination of the 

orbi t .  The t ransformed anz les  L, effective lonzitude (a rgument ) ,  and 

b, effective latitude re la t ive  to the o rb i t a l  nodal r e f e r e n c e  f rame,  are 
writ ten below as functions of the t ransformed Car tes ian  colnponcnts 

(x, YP 2): 

b = arc s i n  z 

cos L = >(/cos b 

s i n  L = y/cos  b 

The conversion f rom orbi ta l  nodal to  the local  systems is wri t ten 

in a spec ia l  w a y  f o r  the direct ions of the 5un and the sa t e l l i t e  pr inc ipa l  

ax is .  Thei r  local  orb i ta l  va laes  a r e  obtaiced b y  a s inzle  rotat ion about 

tne n o r m a i  LO cne orLiL, b y  L i i c  c l i ~ U A i ' C - . r b  L I l c ;  o c L ~ ~ L ~ L u .  b + L  Udc 

p r i m e s  f o r  nodal and double pr i rncs  f o r  local coordinates  of the d i r c  ction, 

and leave the sa te l l i t e  a rzu inent  uzprimed, we have 

. c .. 1 *.., VC - 

so that the Cartesian coordinates  in the local  o rb i t a l  s y s t e m  m a y  be 

Lvritten d i rec t ly  in the f o r m  

XI' = cos b" cos L" = c o s  '0' cos (L' - L) 

y" = cog h" s i n  L" = cos b' s in  (L'  - L) (12)  
z" = si:i h" = s in  b' . 

The pr incipal  ax is  is to he desc r ibed  by ' an  az imuth  angle,  g s  and 

Theze a r e  defined i n  toyocentr ic  coordinates  (oriAin at 
. 

nadir  angle, n. 
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f ron t  nodal point of c a m e r a  lens) ,  and concern thc l ine 

the c a m e r a  lens  and the principal point in  object space  3 
1 "  

i 

scgLmcnt betwee21 . 
(on s u r f a c e  of 

e a r t h  or ce les t ia l  sphere). 

corlsider the posit ive direct ion on th i s  line to be c_- from the o r i s i n  ( l ens )  

to the pr incipal  point, although either sense  of d i rec t ion  may  be undcr -  

stood in subsequent applicatigns.  The nadir  angle is m e a s u r e d  between 

this direct ion and the local vertical ,  "clown, I '  i. e . ,  the negative - i unit 

vector of o u r  loca l  r e fe rence  t r iad.  Thus 

To f i t  into the p re sen t  d i scuss ion ,  le t  u s  

I 

n = arccos  (-::'I) ( 1 3 )  
o r  cos (n) = - cos (b' ) c o s  (L '  - L) o < n < ISO' - -  

The azimuth angle is readily visualized in t z r m s  of the project ion 

of the principal axis  onto the plane tailzent to e z y t h  a t  the subpoint: an 
o b s e r v e r  in the sa te l l i t e  s c e a  a countcrclockwise rotat ion of this p ro jec -  

tion f o r  a positive azirnut'n angle. In the o rb i t a l  coordinates  the fo rward  

o r b i t  d i rect ion is taken as reference,  so  that 
2 I /  2 

cos 6 = y"/( 1 - X'I ) 

= cos  ( b ' )  s i n  (L' - L)/  s i n  (n) 
2 1 1 2  sin E = Z" / (1  - x" ) 

= s i n  (b' ) / s i n  (3) 

o r  ctg ( f , )  = ctg ( V )  s i n  (L' - L) 
1 

Thc variation of these  directiDns relat ive to thc loca l  coor l ina t c s  is 
much  f a s t e r  than the i r  varicl'ciun rclaLive io C i t h t T  G ~ Z C C  G Y  the GiSlt. Ir, 

effect, L is the independent variable,  and L' is a slowly chansing sys t em 

pa rame te r .  F u r t h e r m o r e ,  it is obvious f rom Ecluztion (13)  that  the mini -  

mu:a nadi r  angle occur s  for L = t' t 
Consequently, w e  r ewr i t e  Equations (13) ,  (14) in  the f o r m  

lEOO, and that it has the value n = b' , 

cos (n) = cos (no) cos  ( L  - Lo) 0 < n < 1 8 0 ~  - -  (152 )  

ctg ( 6 )  = ctg (no) s i n  ( L  - L ) ( s ign  of €j is s a m e  as s ign  ( I s h )  
o f n )  

0) 

The formula  f o r  6 b y  its.zff d o e s  not complotcly specify 

0 
0 

where  we introduce the convenicrLt paraims t e r s  n 

anale$ and L 

nadir  angle O C C U T S .  

the quadrant 2 s  i t  is L;rittcn. H3v ; i ' v~ r J  w e  rat2 th2t if b' is i,oSitivc# we 

the minimum nadi r  

the value of a rgument  of satell i te a t  xrkich the minirnurn 
0' 
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0 0 ~hociltl have 0 < 5 < 180 whereas  for  negative 1)' we h2ve -180 C < 0. 

'rhcis it ic convrniext to include the s ign of 5' in the p a r a m e t e r  n i .e .  

n = 1,' , a d  add to  Egu?.tior.s (13a), (15b) the specif icat ion that the a z i -  

rnuth angle sha l l  have thc sign of n . 

- -  - -- 
0' 

0 

0 
We emphas ize  that the forcgoipz  r c f e r s  to the o rb i t a l  I azimuth a q l c .  

The p o s r a p h i c a l  azirnu:h is  oLtnincd by  subt rac t ing  the o rb i t a l  azimuth 

of thc "north" vec tor ,  a quantity dcrivad below. 

The di rec t ion  f rom the ea r th  to  the Gun is found in r igh t  acicension 
and decl inat ioc f rom s tandard  publi3h:d ephemer ides ,  which have bzcn 

r ead  into magnet ic  tape s t o r a e e  f o r  ready  a c c z s s  by the computer .  For 

the purpose  of the p re sen t  prozram i t  ir; useP.~l  to dea l  with thc d i r cc t ion  

of the shadow of the sa tc l l i i e ,  which is s imply  the o p p s i t e  of thc a b v e ,  

so that  we use  

a sh'dow = a -I. 1eo0 sun  

s u n  6 shadow = -8  

This  i G  converted to o rb i t a l  nodal coordinates  b y  Equations (9 ) '  (10)  fo r  
sun  and Lo d e t e r  - the ti.ne of the northbound eqsztor croSgings and  n 

mined ,  a f t e r  which th: azimuth and nadir  angles  of the shadow a r z  corn- 

puted from E q u a t i s n s ( l j a ) ,  (15b). Ample accu racy  fo r  our  work i s  pro-  

for  5 u c c ~1 s 6 i ve nor thbound c qu sto r vided t y  determining n 

c ross ings  and then using l inear  interpolation for ac tua l  picture  t i m e z .  

sun  
0 

I 

Bun and Lo sun 
0 

The unit Vector poi,Lii,s; to\T/ai*6 ?<or:h iz rea2i!.; e > q r e ~ s ~ c ?  i z  o r b i t a l  

It io tipped f rom the posit ive n o r m a l  to the o rb i t  b y  the nodal coordinates .  

a rnount  of the inclination, so that  n 

the .vec tor  l i e s  c loses t  to the orb i t  a lonz L = 90°, so that the argixnent  of 

minimum nadir  an2-c for  north is L 

is found by  using these  vs!aer, 'with Zquation (15b), o r  (depending on p ro -  

= ( 9 0  - i) degrees .  The t ip  of 
0 

= 270°. The o rb i t a l  azimuth of Nor th  
0 c__ 

graAmming choices)  b y  i h ~ :  special ized f o r m u l a  

nor th  ctg ( j  ) = t an  ( i )  cos L 

E, has the s i p  of ( 9 0  - i) d e s r e e s  
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2.1.5 C a m e r a  Orientation 

In the gr id  p rogram it is  necessa ry  to consider  the pr inc ipa l  axis 

It is the spin axis 

- - - 

as beins prec ise ly  para l le l  to the oatcllite sp in  axis .  

which is predicted f rom satel l i te  dynamics,  so that the g r i d  der ivat ion -. 
nlust  accept  i t  as bas ic  in?ut ir-formation. 

the TIROS c a m e r a  pa rz l l e l s  the spin axis ,  but, of cour se ,  t he re  is al- 

ways s o m e  discrepancy  in pract ice .  

d u r i q  cal ibrat ion and is m o s t  easi ly  handled by  including it as p a r t  of 

the ove ra l l  lens  dis tor t ion which is determined at that  time. 

F o r  each sequence of picture g r i d s ,  the gr id  p rogram accep t s  a 

Ideally, t he  opt ical  amis of 

The d iscrepancy  is de te rmined  

typed input of the para- f ie tc rs  n and L f o r  the  principal  axis, a t  the 

t ime of the r e f e r e n c e  northbound equator crossing.  

f i r s t  t ime derivative6 is a l so  pern-iitted, although the changes arc u s u a l l y  

s m a l l  enough relat ive to the precisior. v;ith which the att i tude i s  known to 

ignore this  detail .  F o r  each  gr id  in the sequence the principal axis nadir  

and azimuth angles  a r e  computed using Equations (lSa), (15b). 

0 0 
An input of the 

The ro l l  angle of the satell i te (and ca-mera) around the pr incipal  

axis should a l so  be incorporated in the gr id  p rogram.  

in  o r d e r  to pe rmi t  allowance for  non-radial  c a n e r a  d is tor t ions  (such as 

the misa l ignment  mentioned above) and fo r  T V  d is tor t ions .  The r o l l  is 

m e a s u r e d  between an a r b i t r a r y  fiducial direct ion on  the sa te l l i t e  and a n  

a r b i t r a r y  r e f e r e n c e  direct ion in space. 

r e fe rence  is the plane coiitai3ir-g thci satcll i tc,  

This  is  n e c e s s a r y  

In the prese& p rogram the space 

the cc:lter of the ez-rth, 2nd 

the c a m e r a  pr incipal  point, since this  re ference  emerges  natural ly  during 

the t ransformat ion  f rom geography to image space ,  a5 t r e a t e d  in the next 

section. 

were  intended to  provide,  that input would sixiply be converted to the 

s tandard  ea r th -cen te r  r e f e r m c e  be fo re  use b y  the p rogram.  

If the ro l l  were  given in o ther  t e r m s ,  such as the  sun s e n s o r s  

In the p re sen t  p rogram the rol l  is fixed at  z e r o  (i. e . ,  ignored).  

This  c a n e  about because t h e  present  program w a s  hur r i ed ly  adapted f rom 

a s ix .pler  s ing le-gr i J  p r o z r a m .  This f ea tu re  of the p rogram has escaped 

r e p a i r  because sOr:>c: g r id s  a re  prepared wel l  Sefore the p i c tu re s  a r e  r e -  
ceiv-.d, s o  that thr ro l l  a q l e  caxnot be known, and bzcause  the unre l ia -  . 
bility of the s u n  senso r  inforrr.ztion i-ilakes i t  f a i r ly  hopeless  to deal with . 

.,-. 
j 
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ro l l  in any opera t iona l  TIROS work at p re sen t .  

should work, and. the program should be able to-provide  highly accu ra t e  

~;cconcl - round g r i d s  which include non-rad ia l  d i s tor t ion  co r rec t ions .  

chanzes r equ i r ed  a r e  quite minor ,  and the de ta i l s  a r e  included in the 

der ivat ions in following sec t ions ,  

2 . 2  P a s i c  Image Calculations 

However ,  the sun  s e n s o r s  

-- 
The 

-% 

2. 2. 1 Object-Image Transforrriatioii 

The forn-,ation of a n  image  is desc r ibed  by r e f e r e q c c  to thz spec ia l  

camera -based  coordinate  sys t em of unit vec tors  5 i, k - which is shown 

in F i g u r e  1. 

foca l  plane along the pr incipal  axis,  E O  thzt  it is n o r m a l  to the focal  plane 

for  an  ideally aligned sys tem.  

The or ig in  io a t  the l ens ,  and th:, vector  - i points toward the 

The location of a point i n  object space  is desc r ibed  by coordinates  

(a,  b, c) re la t ive  to these  axes .  With zc ro  d is tor t ion ,  i. e . ,  with the 

ideal ized geoI-..etry of a pii1-hOlc c a m e r a ,  i ts  image l i e s  a t  the point with 

coordinates  ( f ,  b' , c' ), where f is the  focal  length of the lens ,  and where  

b' = f b / a  

c' = f c / a  

In a l l  subsequent d i scuss ions  f will  be cons idered  unity; i t s  effect  is  ab- 

sorbed  into the ove ra l l  f ac to r  which de te rmines  the s c a l e  of the out?ut 

gr id .  The method of dealing with i m a z e  d i s to r t ions  will be d e s c r i b s d  l a t e r .  

Initially, w e  ciescribe an object iocaiiuil b y  lat i tude,  b ,  aiid laiiSitGd5, 

p s  eaAt lati tude and north lonzitude being chosen as posit ivs.  The r equ i r ed  

transforrn2.tion can be visualized as a sequence of rotat ions and a t r a n s l a -  

tion of the r e f e r e n c e  t r iad  of unit vec to r s  icto the c a m e r a - b a s e d  posit ion 

des cribeci above, f r o m  a n  ini t ia l  al ignment aloiig thz s t anda rd  posit ion 

desc r ibed  above, f r o m  an ini t ia l  a l ignment  along the s t anda rd  geographica l  

r e fe rence  f r a m e  ( s e e  section 2.  1 . 2 ) .  

occur  in t h e  following sequence: 

The operat ions on the r e f e r e n c e  t r i ad  

1. Rota%ion arouild I k (north pole)  by the east  longitude of the s a t e l -  

lite sclbpoint p : this plzces  - i a t  the  subpoint longitude, although s t i l l  along 

t h e  equator ;  

2 .  Rotation around - j  - in its new location, by the nor th  lati tude of 
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I 
- t l lb  rl subpoint y : th i s  places  i through thc sa te I l i t e  Eubpoint i t se l f ,  while 

- j  rern>.ins alon;; the equztor ,  and the i ,  k ,  plane contairm the north pole;  - -  
J 

3.  Translation pa ra l l e l  to i b y  the ra,diiis vector  of the Eiatelli'ce 

f r o m  the center  of t h e  e a r t h  r :  this places tho or igin of coordinates  a t  

the ' l ens ;  

(I' 'a 
- 

1 4. Rotation aroun4 i (satel l i te  rad ius  vec to r )  b y  the geographical  - 
. azirbuth anglt? of the principal axis 5 : this places  - k para l l e l  to the pr in-  

cipal l ine a t  the subpoint (projection of the principal axis  onto the e a r t h  

s u r  face)  ; 

5. Rotation around j b y  the na3ir  angle  of the pr incipal  ax i s ,  n:  - 
this Lrings the negzitive i axis up  into coincidence with the pr inci2al  

ax i s ,  so  that the coordinates a r e  essent ia l ly  the requi rzd  camcra-based 

sys tem dcfineil above; 

- 

6. 

The full transforir ,ation is applied to the Cartesian components of 

Rotation around i ( i .  e. ,  the prillcipal axis) by the  r o l l  anile, v .  - 

the ob jec t  in s tandard geographical coordinates:  

vcnient f o r m a l  s ta tements  of the t ransformation:  
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a r e  the product rotat ion mat r ices .  

In the g r i d  program the calculations a re  planned so as to pe r fo rm 

k u c h  of the v,,orX as possible only once f o r  each g r id ,  leaving as 

litt1,e as  possible  to bc calculated fo r  each of the niany points p e r  g r id .  

Thus,  the trax-sformation ma t r i ccs  of Equations (,?_?a) and (23b)  a r e  coin - 
pletely evaluated at thc s t a r t  of a par t icu lar  gr id .  Fu r th= : rmore ,  along 

a meri . l ian thz 1oagi:IJde remains  constant,  s o  the p rogram is c?rrailg:ed 

to p r e s e r v e  a l l  p:oducts of t ransformation clenicnts with functions of 

lonSit;ude, and to r e q u i r e  only the irizcrtion of new fuxctizxs of latitude 

f o r  n,w points alonz the meriilian. 

in addition t o  this ,  which provides t h e  correspondin2 econamy with p a r a l l e l s  

of latitude. 

I' 
I 

A s e p a r z t e  p r o g r a m  sect ion is wri t ten 

The calculation of the transforination elemeries is programmed in 

In th i s  s t e p s  essent ia l ly  as indicated by the above m a t r i x  exprcss ions .  

w a y  it is convenient to ex t rac t  and s to re  at var ious  ' s t q c s  the p a r t i a l  

t ransforrnat ions needed for the horizor., etc. 

2 .2 .2  Validity of Irrla~e Points 

The foregoing t ransformation to image coordinates  includes points 

---- -_-- 

which actually do not appear  in the picture .  Tes ts  are rcqui red  to identify 

any s u c h  poiiit O K  \Tyhich tha coil;FGtZr ~ t ~ ~ t 3  * ~ Y G ~ T < .  T ~ C S Z  te s t s  L~;.c: ZcpS:Lte 

f r o m  those vjhich r e j ec t  an  entire g r id ,  although they m a y  have that effect 

when the p rogram is at the end of i t s  l i s t  of p o s s i j l e  points. 

It is par t icu lar ly  important that  a l l  possible c a s e s  be detected be-  

cause the p re sen t  p r o g r a m  m u s t  r u R  unattended fo r  per iods  of u p  to an 

hour ,  usirig g r i d  pararne tzrs  that a r e  themselves  being d z r i v t d  by the 

computer f r o m  m o r c  crypt ic  overal l  input data, so that i t  i s  vir tual ly  

impossible for the operatin=, personnel  to anticipate the possible t roubles  

. 

I 
1 
I of th i s  s o r t .  

1 

One t e5 t  (denoted "x- tes t")  excludes points of object  space  that ar2 
hidden on the s u r f a c e  of e a r t h  beyond. the hc?rizon. In local geoc2ntr ic  

coordinatcs t:le horizon l ies  in the plane x = l / r  ( e a r t h  rad ius  of unity; I 
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fieelsection 2. 3 . 2 ) .  The points to be excluded arrj those  whw e x coordixate 

is less  than that, value. 

of c o u r s e ,  for  thcre  a r e  p i n t s  e1:;ev:h:lre in space which ard v is ib le ,  ye t  

f a i l  th i s  t es t .  In prac t ice  this tent is  mo2ificd to  exclude a l s o  a s t r i p  of ' 

e a r t h  sur face  n e a r  the horir;on which is seen a t  too zrca'i a c l sn t  angle 

to p ovide useful cloud information; th i s  is done by usirrg an a r t i f i c i a l  

x 1 which exceed6 the theoretical  value of l / r .  E m p i r i c a l  fo rmulas  

h a v e  been  used fo r  sin-,plicity: 

I 0 This assuincs that a l l  t r i a l  pii>.t3 l ie  on e a r t h ,  

1 
. t e  s 

.--\, 

X = 2 /  ( r  t 1) 
t e s t  

e r i o u ~ l i  to rnal;e tile foca l  ?lz ,LiC ixtzr;ect: the car:;:? ( c e r t a i n  a d j s c - n i  3 ni-ir! 

X t e s t  

TIROS I1 (24a) 

T R O S  I11 e t  seq. (24b) 
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It is also n e c e s s a r y  to inclu,tIe an overflow t e s t  which, f r o m  a logi- 
I pcint of view, s imply extcndi: the region of space  excluded by the 

?'his t z s t  is placed at a convenient location following p r e d r d i n g  test .  

thc  d i v i s i o a s  b/a and c / a  (Gee sections 2. 2.1). 

u n J e r -  cc r ta in  conditions the overflow genera tes  completely erroneous 

f G C 2  plane coordinates which may elude the othcr  point t e s t s ,  such  as 
t h z  qize t e s t  below. 

in a n y  proZrammin=,. 

Gf re ject ing points 1yi:q near the focal plane, i. e . ,  with v e r y  smal l  "a" 

coordifiatc. 

s (iu r ce of o ve r f lo\-/. 

It is needed bzcause 

I Viewed as a n  arit 'mnetical t e s t ,  this is very  f a m i l i a r  
i 

However ,  it also has the basic  geomet r i ca l  r e s u l t  

It is bzlievcd that the program scal ing avoids any o ther  

A f ina l  t e s t  ("sizt? tes(,") mcrc ly  li=nits the s i ze  o f  t h e  output g'id. 
I 

r2ftcr rcletcri-1ing b / a  and c /a ,  the  sum of the'ir squa res  is tested to in su re  

that it is less than an a r b i t r a r i l y  ass igned radius .  Since this quantity 

is n o t i n a l l y  needed for  co i rcc t in=;  lens d is tor t ion ,  the t e s t  repreeent ;  a 
t r iv ia l  addition to the program execution t ime.  

2 . 2 . 3  Lens and TV Distortion - 
I_ -- 
The tranofor:natioris of S-ction 2.2.  1 a s s u m e  zero  distor t ion,  i. e . ,  

the idealized s t r a i g h t - r a y  geometry of the pin-hole camera .  

a n y  distortioi; which has  been calibrated can b e  taken into account tfirouzh 

However,  

a f ina l  t r ans fo rm which opera tes  on the idealized image to produce the 

ac tua l  irn age.  

The ra i ia l  lens  dis tor t ion of t he  TIROS lens can be  described. b y  an 

even polynomial function of thc ratiius. 

rcv ised  image  plane coordinates (2, C) f rom thc formulae: 

The g r i d  program calculates  

9 k = [ { (c5w t c . )  w + c } VJ + cs ]  w 4- c 
b 7 
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2 s  wel l  as identifiable T V  distortions \T:liich i n  2enera.l va ry  f rom one 

sequcnce of p ic tures  to another.  

picture  f r ' m e ,  so that the prozram would have to include the roll  angle,  

v;hiih i n s u r e s  that the horizon, grids,  e t c . ,  appear  in the t r u e  o r i e n t a -  

This wo.i!Ic! includn noii-ra.lia1 cffects found during cal ibrat ion,  
1 

Thcce would be known relat ive t o  the 

l 
1 lative to scan  l i x s  and picture f r a m e .  yre A common dis tor t ion,  rbr example, is a s imple  s t r e t c h  of the 

TIROS ?icture ,  e i the r  pa ra l l e l  to the scan  o r  perpendicular  to it. 

i s  ea s i ly  m e a s u r e d  f r o m  the fiducial rr-arks and normal ly  it s tays e s s c n -  

t i s l ly  constant throughout a s e q u m c e .  

included in the t ransformat ion  coeffici?nLs of Eqcation (23b) ,  th is  s t r e t c h  

could 'be incor2orated eas i ly  into the plottin2 sca l e  f a c t o r s ,  this  dis  - 
tortioil incorporated into tile grids,  with no change whntsocvc? in the g r i d  

point calculation p rogram frorn the cu r ren t  v2rsion. 

This  

With the ro l l  angle proper ly  

I 

I 

2. 3 Special  P i c tu re  Details - 
The predicted posit ions of seve ra l  picture  de ta i l s  a r e  u s u a l l y  plotted 

in addition to  the latitude-longitude g r i d  l ines .  

a s s i s t  the analyst  to  achieve the p i * o p r  alignment of the g r i d  with the 

picture.  

br ightness  of cloud images .  

The bas ic  purpose is to 

In sonic c a s e s  these details also a s s i s t  in interpret ing the 

" a a =  n L  L y p <  vf y i , - t ~ ; - ;  d,t>i l  i c  2 ~ ~ ~ ~ ~ - ~ - l - ,  i - 0 -  1 rn3 ,~+ l ;na  tTihirh ~ l i r l i r  - -  _ _ _  
be visible in the picture .  

d i rec t ly ,  using the t ransformation of sec t ion  2 .2 .  1 on a s t o r e d  sequence  

of latitude-longitlJde points. F o r  f a s t e s t  operzkion of the p r o g r m ,  these  

would  be s tored  as Cartesian components in geographical  coordinates  (x' , 
y' , z' ) of sect ion 2 .2 .  1. 

Any such gcogyaphical fea ture  can be plotted 

The following occtions deal with p ic ture  de ta i l s  that are not known 

d i r ec t ly  as latitul$e-lon::ituc!e points. In gene ra l  such a de ta i l  is f i r s t  

determined as an object orientation relat ive to the uztellite, i. e., as 
! azimuth and 'nad-ir angle. The image point thEzn m a y  b e  compute:! d i r ec t ly ,  

or the corresponding latitude-longitullc: point f o r  the effzctiva object  loca- 

tion may  be d"ter:;:iiied to permi t  plotting the effective i-nage on g r i d s  f o r  

a var ie ty  of ca;nera orientations and location;. The l a t t e r  procedure  i o  



1 
, 

2. 3. 1 

Lct the location of a point be g ives  b y  the nadir (E'  ) L L ~  azirr,uth 

( 5 '  \ anzles of the line segment  between it  and the camera (>rimes d ic -  

tiiizuish these angles  f r o m  th? nadir and azirr.uth of the prii icipal ax i s ) ,  

and by the stateiiient that  the point l i c s  OR the earth sur face .  'The d i s -  

tznqc: from point Lo camera ,  D ,  is involved, but  will riot bc known in 

Transformation f ron ;  Nadir and A z i x ~ u t h  - ------.-.--...------ --__l_-L_- __- 
I 

i 
I 

I 
genpra l .  

f e r r c d  to the local coordinate system but wiLh the c a m e r a  lens as o r i z in ,  

Thcune quantities are in fac t  spher ica l  polltr coordinates  r e  - 

the topocentr ic  geographic coorlina.les of sec t ion  2 . 1 .  2 ,  so w e  may v,lritz 

(x - r )  = - D cos  11' 

= - D s i n  il' G i r t  j l  Y 
z = D S i i i  n'  COS e' 

and ths  t ra i i s format i sn  D f  Equatior! ( 2 1 )  ~ . a y  he applied di-rectly. 

tance D in  f ac t  cancels  from !he  ratio:; t / a ,  c / a ,  when 0 1 1 l j r  the d i r e c t  

ima:;e point is requi red ,  so that it m a y  be se t  to u:lity at t h e , o u t s e t  f o r  

such  calculations.  

The d i s -  

When the object la t i tuJe and lonzitude a r e  r q u i r e c l  D m u s t  ba cal-  

cul&ed. For a spherics1 eartll of unity rixlius8 the bas i c  geometry  is 

shown in F i g u r e  2 ,  fron: whicii it can be 5 C e i l  that 

2 2 1 / 2  D = r cos n' - (1 - r s i n  n ' )  

2 = ( 1 - x )  1 / 2  C 0 5  5' 
The lati tudc,  4 , and loi iz i tudc,  p , a r c  found by the tran:jforma,tion ii:verse 

to that of Equation ( 2 0 ) :  



N O  r E  : 
2 . 2 ! 1/2 , K =  ( 1 - r  sin n )  

/ 
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// 
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~ + = z r c s i n  zt - g o o <  + <90° 

together Lvith 
1 

7 -  

sin P = yt  / c o s  4 
cos  p = x' / c o s  ?I, 

It should bc noted that the s torage  of points der ived  fo-r o n c e r i d ,  

I 

I 
in  o72:er to plot those points on some other  ;r id (such as  is done fo r  the 

path of pr incipal  po in ts ) ,  is  m o o t  spzcdily nccoiiipli3heci if the s t ep  of 

Equation (32)  is or i i t ted,  and the poiilts therefore plotted l a t e r  using the 

d i r e c t  transforination of Equation ( 2 2 ) .  

t r idonometr ic  calculatiorzs as well as S O R : ~  aiciitioilal rr?ultiplications. 

l ' h i s  procedurs  avoids s eve ra l  

S .  3 . 2  The Morizoii 

It can be seen  from Fi;ure 2 that the nzdir  angle of a r a y  from, the 

It follows f r o m  

The 

+------- 
, 

horizon to the c a m e r a  sa t i s f i ec  thc relatioil  r s i n  11' = 1. 

the f i r s t  of Equations (30 )  that the horizor? l ies in the plane x = l / r .  

'ent i re  hoi-iaon can be t r aced  out by supplying a sequence of values f o r  f,' , 
and the i n a g e  fouilC: by applying the t ransformat ion  of Equations ( 2 8 )  and 

( 2  1 ) .  

The horizon itself ir.c!udes all values of 6' . However, some pGrtions 

of i t  r:iay.not be visible in the picture,  this  question depending oii the angle 

be twezn the pr incipal  axis and the r a y  f rom the horizon poii2t. It can be  

seen that the horizon point neares t  to the pr incipal  asis is charac te r ized  

h y  an azirr!uth 5' cqua! to t h z  r-rizci;d r axis ~ZLT.ZC: , 5. F!GFE-:>-!~~ i t  is 

useful to s t a r t  the progr;m at this p o h t ,  an;! plot thz h r i z o n  in e i ihe r  

direct ion 'unt i l  a point fa i l s  the output g r i d  "size" tes t  (sect ion 2. 2 .  2 ) .  

An a l t e rna te  procedure  i s  based  on thc observat ion that the horizon 

is completely syr-nr.Ietrica1 a rouni  t h e  subpoir.t, so that actually \:/hat is 

involved 'is s imply the  az imuth  difference, (i' - 5 ) .  On? m a y  in fact c a l -  

culate special  t r a n s f o r x a t i o n  ma t r i ces  f o r  Equat ion  (21) ,  in  which is 

z r k i t r a r i l y  t&cn as z e r o ,  and thci1 in all c a s e s  s t a r t  thc p rogram a t  the 

horim:: poiat 5' = 0. i h i s  i s  donc  in the p re szn t  p r o g r a x I ,  because f o r  

spec ia l  rcazons  i t  de le tes  o z e  multiply corrimail.;! p e r  point and bccauae 

the absence of T V  distortioii correct ion perri l  its the p r o g r a :  to calculate  

only half of thc hoiizOnp dctcrrr,ining the r ema inde r  b y  reflectiiln in  thz 

'/ 2 1 plane of i: . i i i*rGr s y - - i ~ ~ : ~ ~ t r y ,  {i. e . ,  thc poii:Lt3 a r e  s tored ,  t hen  ri.:,lottcd 

1 
I 

7.7 

, 

I 

i 
I 

! 

,-,. 

1 . ,  . .  
.\.._I 1 a f t e r  ciianzing til2 s izn of E ,  the outpst f rom Eyu;Liior? ( 2 7 ) ) .  

! 
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I 2 .  3. 3 The Sun Line 

~ 

_I -- --- - - - ----- 
I 

i The TIROS sun angle s e n s o r  pur2or t s  to measu re  the r o l l  anzle  of 

the c a m e r a  and sa te l l i t e  around tke principal ax is .  

ineasurecl;. f rom t h e  hslf-plaiie \:hich is bounded b y  the pr incipal  axis and  

contains the s u n ,  to a re ference  direction that is fixed in  the sa te l l i t e  

frar, i e. The relation to :he TV scan l ines  and picture  f r a r n c s  apparent ly  

d i f fdrs  f o r  the two ca.i:-ierss b e c a u s e  of the w a y  they a r e  mounted, but 

this J e t a i l  s imply  involves a n  additive constant tha,t can be de te rmined  

f r o m  enginzcring drax:;inzs, o r  perhaps eveil m o r e  quickly, empir ical ly .  

The sun angle is 

' 

If i t  were  available in t ime ,  and if i t  were  r e l i sb l e ,  the sun  angle  

would be used to specify ro l l  angle v in der ivins  the latitude-loiiZitude 

g r i d s ,  Since i t  is nci thzr ,  but some provision 1-r;ust be ~ n a d e ,  the gr ids  

m a y  &e drawn with an e x t r a  linz (the " s u a  line") which extends frorn the 

I 

, 

princi;al point out throuAh the iriiaze of the shadow of the sa te l l i t e .  

sun anLle f u r  a 2icture  now s;ecifies the a n t l e  be tween this  sL1.n line and 

a r e fe rence  line which i a  fixed relative to the scan  l incs and  p ic ture  f r a m e  

Jetclils; the u s e r  x e r e l y  ro t a t e s  the g r i d  r e l a t ive  to  the p ic ture  to achipve 

this p re sc r ibed  angle. 

The nadir and azimuth anzles of the sa te l l i t e  shadow arc the quan- 

The 

tities regarding the sun which a r e  der ived initially f r o m  the ephemer i s ,  

The image of the shadow can be calcu!ated in:mediztzly frorn the t r a n s -  

formacion rdquarions ( s o l ,  \ L I I .  111 pruccicc  L I I C  i l I l c d u v ,  p u r , ~ b  A ~ ~ A ~ ~ ~  G i l w u I - L  

c e r t a i r l y  be plotted a s  an aiS in detectin: the extent to which apparent  cloud 

briShtr,ess is bein2 affcctecl by Heiligenschein. In genera l ,  however,  t h e r e  

a r e  cases  in Qhich the shadow irfiaze woulC; not a p p e a r  even though the 

shaJow l ine would be needed: these occur  when th2 sun l i e s  nza r  the 

c a m e r a  foca l  plane,  G r  in f ron t  of i t .  

si tuations \ / i l l  be? avoi led,  but i t  i 4  pointless to maye thc program depend 

1 - 1  .. . .  . I .  - . - - .  * - . .  - 

In CDrinal T R O S  operat ions these 

I on  this .  To remove  this unnecessary r e s t r i c t ion ,  Equation (21) is u s e d  

I r is used  f o r  
2 2 1 / 2  to calclilate only b and c ,  and the lenzt:? N = ( b  t c ) 

normalizat ion,  r a t h e r  than a. 

poirlt to the pair-t hiven in f cca l  plane coD-rclinate; b y  

The  s u n  line i s  p lo t tcd  f r o m  the pr incipal  

€3 = D b / N ,  C = D c / N  (33)  
I 
I v\;hzre i', i s  the arLL\itr;.rilY ch;ser. linz InnZth; a t  p re sen t  th i s  i s  the " z r i d  

'23 - 



! 
SizC" t e s t  lenzth. 

]ill;, c>:tenJs sor:lev;hat f a r the r  G u t  that  (IKIY o ther  z r id  f ea tu re . )  

(Since the lens dis tor t ion is not applied h e r e ,  the sun-  

If t h e  ro l l  snzle  were uged in the g r id  I;rograr.i, i. e. so that T V  

Instead, dis tor t ions ccu1.l he incladed, the sun  line w o u l ~ d  be deleted.  

the 
coci:.uter draq,v the act:.ial f iducial  markG as they rr,ust appzar  in the 

p i  c t +  r e.  

: r O i j t r  orientatioil of the gr id  would be given d i rec t ly  by having the 1 
~ 

2 .  3 .4  T h e  Sunnlint Poin t  

A TIROS picture  shows with Q r e a t  br i l l iance any specular  r e f l ec -  

__ __- - -<L- 

tion of sunlizht fr>ri> a l a rge  oper. water  su r f ace  toward the sa te l l i t e  

("sur.ijlint"). W e  calculate the thooretical  locztion of the sunglint point 

on the sur face  of t h e  ca r th  to plot i t s  image in the 1stitude-lo:iGituJe g r i d .  

This h a s  two usec :  i t  a s s i s t s  in orienting the gr id  re la t ive  to the p ic ture  

whenever the sunglint does  appear ,  and i t  assists in de te rmining  whether 

ap;?areiit cloud b r i sh tness  has  been affected by enhanced ref lect ion a t  

this angle when the sunglint point i o  not c lear .  

that th2 theoret ical  p0ir.t is  not necessar i ly 'what  the  o b s e r v e r  s e e s  as 

t h e  ceilter of the phenomenon, both because  su r face  effects  en te r ,  and 

because the geometry  lacks up-to-down symmet ry .  However,  with these  

warninzs  known, thc calculated point is quit? useful.  

It should be r e m e m b e r e d  

0 The sunglint azimuth angle i s  s h p l y  1 1 0  different f rom that of the 

shadow-point, 

c;ri;:inal r a y s  of sunliLht, before reiizciion. As s e e n  in F igu re  3, the 

itlealized sunglirit pcint is that for which the angle  of incidznce on e a r t h  

(N - 0 )  equals t h e  an,le of reflection ( n  

the r a y  ref lectzd into the c a m e r a ,  and 0 is the cen t r a l  angle (a t  e a r t h  

c sn te r )  between the satel l i te  subpoint and the point of reflection, i. e . ,  

The shadow-point nadir  angle gives  the d i rec t ion  of the 

t 6 ) ;  n is the nadi r  angle of 
B 5 

the sunzlint  point. Thus 

n t 0  . = I S - O  
5 

or 8 = (N/2) - (ns/?)  
(34 )  

An additional re la t ion s e r v e s  to eliminate one of the tvdo unknowns, n 

o r  0;  in  i t s  der ivat ion k v e  u s e  unity e a r t h  r ad ius ,  and r as the known 
s 

E a t  e l l  i t s  r ad ia l  difi t an ce : 

-21- 
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I s in  0 = A 

cos  0 = c I 
f 

\ I  

I 
T h e $ e  rc la t iocs  a r e  combined into a f o r m  vdhich is readi ly  solved by 

i terat ion to find the n a l i r  an,le of the s u a z l i c t  points: 
I 

= ( x / ? )  - ( A . / 2 )  (35a) 
* j  t 1 I 

n = a rc tg  [sin O . /  ( r  - cos e . ) ]  ( 3 W  
j 1 I 

The remainder  of the calculations Froczcd as before ,  u s b i g  Equations (2e) 

and ( & I ) $  etc .  J 
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The g r id  p r o s r a m  consis ts  oL two r e e l s  of paper  tzpe a m  is s t o r e d  

on I T  a;netic tape ,  unit # L z ,  with a shor t  loader  tape.  The c u r r e n t  o rb i t a l  

t!er,t.nts and  the sun dzta a r e  s tored  on n~ag-net ic  ta;>e, unit XI. I F i g u r e  4 

i s  a T -  f1o.v d i a s ram of tfi2 pro&rairi  operztior.. 
I 
1 The p rograa ,  i s  s t a r t e d  b y  loaciing th:: SPG paper  tzpe progr2rr: into 

the computer .  

s u n  data to  the tiale of r,odal pazsaze. 

which a r e  typed in a r e  proper ly  scaled and  storecl in  a r u m  merr,ory in 

l ines  13 and 18. 

The SPC pro;rsm up-datcs the o rb i t a l  e lements  and the 

Thece da ta  as well as other  data  

I 
".2TY_t---- (3cwriter 112utZ -- 

- I ypev r i t e r  input rogtiiies'  specially u r i t t en  by ARACON personnel  

f o r  the programg,  a r c  arrariged for ex t r zme  convenience of routine uce. 

EEich input iteIr, is called for by a Lrief rr:nemonic output. 

iiinernonic typeout, the computer opera tor  m u s t  type in the requested 

information. i'ihole numbers ,  dates,  hours ,  e t c . ,  a r e  typed d i r ec t ly  

without the hollow pzrioil ( the reload key).  Deci:ilal nlJmbera r e q u i r e  

the u s e  of the hollow period. 

is irnmeGiately interpreted as an e r r o r ,  the computer  takes  control,  a 

nzir  of t a 5 s  ncciij- a n d  t \ ~  n: i rnhpr  mrist  hr r P t y ? p d .  S i r r b i l 2 r l ; r -  if ~n 

After the 

Striking the hollo-a per iod in a whole number  

extra h 0 1 1 0 ~  period is typed  ir, a decirnal nuz% e r ,  a s t r ing  of hollow 

per iods  serve;: to e r a s e  any typin: e r r o r  inade before s t r iking the r e -  

l e a s e  key. If, upon stri'-:inz th-. r e l e a s e  key, a hollow period has not 

h e e n  ty2ed in  an  input supposed to be  a dec imal  nwmber, the type  in 

e r r o r  is entered.  

The mnemonic typeouts are:  

(1) Group I. 

( 2 )  Group 11 (Reference ascendin;; node). 

O r b i t  n u m  bnr . 
Year. 
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1 CALCULATE h PLOT 

I F'hl'Jci?+jL L I V E  
2 ~{?KI ,?~ . ) '<  
3 PHlPiCiFCL POINT 
4 SdBF'OIIJT 
5 PLST F'FII'I DO~'?rT 
6 REFE9CIJCE CRRGS/ 

- _ _ _ ~  

C A L C U L A T E  h PLOT 
~ 

1 I I F C E S I R E O J  

I. SUN L l l l E  ' 2 SUN GLI i i IT 
J 

1 I T l K E  A A N  I 

2 S JBPOI:JT ( lo t  8 l o n g l  
3 REFF RCrdcc A R R O V ~  

4 N A D I R  Ah!GLE 
T Y P E O U T S :  ( f f  .,FSlR€O/ 

CO Yd 5 TCI r l  TS FH O M 
, L1NL.S 13 6 16 ' L- 

COhiG I T U  CE LI "J E S 

1 2 L A T I T J D E  L IYES 

I---- - -1 

! SPG PAPER TAPE 
5; r A FIT F ' i 3 G  kA :A 

1 M N E t d O N l C  TYPEOUT 
G R G U P  1 I 

T Y P E  IYS'  
S E A y C H  ',I T J IJ ITOI  
FLJi4 

I j r b  Elerr F i l e a  

7 S u n  t i r t  ~ l l e ~  

1 G R O U P I I  

T Y P E  INS.  
Cu?'F'LIT€ 8 3 T 3 R E  

G R O U P  III 
T Y P E  INS 

Cd'klr'UTE 8 S T C R E  

G R b U P  Ip 
T Y P E  IYS. 

OPTIONS 

GHOUP 1 

cArv'EFiA rio. 
T Y P E  I N S :  

-7 ~ -- - 
r- -- - - --I--- 1 

T Y P E  OUTS: I 
i 

H EADl'tJG 

I 

1 I --- 1 R O L L  P A P E R  
( t o  n e x t  grid  i 
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I 
I 
I 
I 

I 

i ( ? )  

I 
I 

I .  

I 

hio t i  th . 
Day.  

GMT (HHMMSS). 

East longitude, west  i s  nezative (DDDLM~M). 

Group 111 

G M T  (HHMMSS) - reference f i r s t  grid.  

D a y  of f i r a t  g r id .  

Number of gr ids  to be plotted. 

T ime  interval  between gr ids .  

iMinimum nadir  angle (NOT\;). 

Chanbe p e r  orb i t  in NON. 

The angle alon=, the crbit  of t r a c k  at  which NON occur s  (LOL). 

Change per  o r t i t  in LOL. 

Group IV - 0F;tions. 

G eoG r aphy . 
Cur ren t  sunglint. 

Sun line. 

Stored constants.  

G r o u p  V. 
C a m e r a  number.  Camera  number 1 is  f o r  the d is tor ted  lens ,  

while c a m e r a  number 2 i s  fo r  no lenE; distortion. 

Following the mnemonic typeouts and. the requi red  typeins,  an  alpha- 

n a m e r i c  hr.ading is typed out  fo r  e a s y  identification of the typeouts which 

accompany each  g r id  made by the plot ter .  

of the mnemonic typeouts, the typein.;, and the alphanumeric  heading. 

An explanation of the headin2 follows: 

See F i g u r e  5 f o r  an example 

'IT" is the t ime of the gr id  after ascending node. 

I '  -SUEPTc'' is the 1atituJe and longitude of the sub-satel l i te  point. 

West and s o u t h  a r e  negative.  
"-ARROJ']-~' i s  the la t i tu fe  and lonzitude of the a r r o w  which i; plotted 

on each  gr id  and s e r v e s  as a r e fe rence  point. 

negative. 

West and south a r e  

This arrow a l w a y s  p i t i t s  to the  north. 

"N" i o  the nadir anzle  for  each gr id  plotted. 
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4. 3 Plottin- the Gr id  II 

_c .-..-(-L 

I After the alphanumeric  headinz i s  ty2ed out, the computer  cnlcu- 

l a t e e  a n d  plots the folhwing f u r  each :rid: 

(3)  

i 

( - 2 )  
! 

The principal l ine.  

axis  and extends f rom the pr incipal  p0ir.t to the horizon. 

tht? s h o r t e s t  distance f r b n  the pr inc i2s l  point to the horizon. 

The horizon \...ill then b e  plotted if it appears  within thc scope 

of the g r id .  

The princi2al point i s  plotted a8 a s m a l l  c r o s s  (+). 

the p0ir.t of intersect ion of the p r i n c i l a l  axis with the e a r t h '  E 

sur face  o r  v,ith the ce les t ia l  sphere  i f  the pr incipal  point is 

not on the ear th '  s surface.  

The pas t  pr incipal  point is a lso plotted as a s m z l l  c r o s s  (t). 

Since it is the principal point of the previously plotted g r i d ,  

i t  will not appear on the f i r s t  t r i d  plotted, and, of ccjuroe, i t  

m a y  o r  m a y  not appear  on any g r id  if thro point is o r  is not 

geosraphical ly  on the grid. 

The sub-satel l i te  p0ir.t - r e f e r r e d  to as the s u b p i n t  - is plotted 

This is a line sezmcrit a!ond the pr inc ipa l  

It is 

This is 

as. a s m a l l  square  (-3). 
The re ference  point is plotted as' a s m a l l  a r r o w  

to identify the latitude and lonzitude l ines  in the 

nea r  the center  of the grid and a l w a y s  points to  

nurrc r i c  typzouts f o r  each g r id  give the latitude 

of the point of this arrow. 

(A). It is used  

g r i d .  It appea r s  

the north.  The 

and loiizitude 

The following options a r e  available and will be plotted anil /or t w e d  
The option i s  requested by t y p h g  in a number  following out if requcsted:  

the I: nernonic typeout, "Options. ' I  

The geography of \vos te in  North -1merica m a y  be plotted if  i t  

appzars  geogr a;Jhically on  the Lrid. 

b y  typing in the n u m b e r  I '  1" followix;; the mnemoriic typeout. 

The cur ren t  sungliilt m a y  be calculated and plotted as a small  

t r iangle  ( G ) .  

The sun line m a y  be calculated ar.d plotted as a s h o r t  linz seg -  

men t  which  ;:.:t2n-!s to the horizoil o r  a-n ap?ro?ri>.te cli;tr?;ice. 

It is r e q u z s t e d  L j  tyGin3 in  the number ''4''. 

This  option is reques ted  

It i s  r e q u e s t e d  by typinz in the n u x b e r  " 3 " .  
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e .  

~ (-2) The constants which were c o r i p t e d  and sca led  at the be;;iiinmg 

I of the p r o z r a m  and then s torzd  in l ines  13 and 18 m a y  b2  typed 

out i f  requested.  
ir511 . 

They  a r e  requested b y  tyFii?: in the ncunber 

This  option was extremely hel2ful in debugging the progrzrm. 

The calculation and /o r  plottiag of the,prir?cipal l ine,  thc horizon,  

the j r incipal  point, the subpoiilt, the past  pr incipal  point, the r e fe rence  

point and also the plotting of thz sun l ine,  and the sunZlint, if they were  

proper ly  requested,  a r e  follo,vecd by  an alphaiiurneric typeout. This type- 

out gives thc t ime af te r  ascen2ing node, the latitude arid loilgitude of the 

subpoint and the  rz ferznce  poipt, arid the nedir  anzlc for the g r i d  which 

i s  bein: plotted a t  that t ime.  

lirles Are calculated and plott2d at five cictree intervals .  

point Lor the next ~ r i 3  is then calculated aid it i z  plottci! if  i t  appea r s  

ui thin the scope of this g r i d .  

deternoine if the geography option was  requested.  

was properly reques ted  another test  Is made to  a sce r t a in  \?hether the 

geography should b e  plotted on th t  z r id .  

plotted, the plotter paper  i s  then rolled forward  and th: plot ter  is then 

ready to plot the next gricl. 

with optioils. 

has been plotted. 

oi operat ions is r e p e a e c  dnri dnoL;i=:r :;rib 1 3  piuLLeC. 

hafi  been plotted, the typeaut "on9" occur s .  

niay reques t  any n u m b r  of additional g r ids  f o r  any n t w  interval  d e s i r e d .  

I . 

After  th i s  typeout the lonzitude and latitude 

 he p r i n c i p l  

A tes t  is then made  by  the computer to 

If the geography option 

After the g r i d  has bcrn  completely 

F igures  6 and 7 ere exarriplej: of plotted g r i d s  

A t e j t  is thcn made  to de t e rmine  if th5  l a s t  requested g r i d  

If the l a s t  gr id  h a s  not as yct been plotted, thc aequcnce 
. .  . . C  .. . . . .  

L U L C ~  L i i G  i a J L  s;lLu 

At th i s  ?oint the opera tor  

3 . 4  Grid  Size -- 
The g r id  s i z e  is determinod by one constant in the pr0g:ra .m.  F i p r c  

6 is an example of a g r id  with a 3 inch radius .  

plotted end is  used  by the weather  bureau personnel  to d raw lati tudc- 

longitude l ines  clirsctly onto th?  TIROS photographs. 

This is the no rma l  s i z e  

F i z u r e  7 is an ex- 
, m j p l e  of the ' s ame  g r i d  with a 5 inch radius .  This is the s i z c  that is 
j 

norr i la l ly  used vjith the T R O s  film negatives and a photo cn1ar;er. 
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Figure  7 - A Five Inch Radius G r i d  
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4 .  5 T i m e  To P lo t  a Sequence of Gr ids  
I__ -.I----- _______ 

\ 
i 

Standard procedure  a t  t h s  TIROS data  acquisit ion s i t e s  is f o r  the  

ARACON Conlputcr ope ra to r s  to have the compute r  d raw a s e t  of g r i d s  

in advance  rif each reir lote  picture  taking sequence .  

g r n e r s t e J  f o r  one  minute intervals for  all the odd numbered  frames. 

Siilc t h z  cameras a r e  set  to take r emote  p ic tures  at  30 second i n t c r -  

vals i for  1 6  minutzs ,  it r equ i r c s  15 g r i d s  at  one minute in t e rva l s  f o r  a 

s t anba rd  sequence of p i c t J r c s .  The ave rage  t ime  f o r  the opera tor  to 

type in the requi red  i c f o r n ~ a t i o n  and then for the computer  to gene ra t e  

and plot the latitudc-longituL!c sequence of 16 g r i d s  is about 60  minutes  

for  an avcrase of akout 4 minutes  pcr  g r id .  

G r i d s  are  normally 

r 

I 
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4. Pro,,rain 0r;:i.nizition - 
: I  

T h r e e  scpa ra t e  groups 

pro~ra :" .  Those in the f i r s t  

g r id ,  

of calculations a r e  iiivolved in the g r id  

grouij a r e  per formed only once f o r  an en t i r e  

and those in the third group a re  perfoirned once f o r  each point in 

count one m u s t  include horizon points ant1 a t  leas t  LL single bordci. 

re jected points,  and evsry  latitude -1ongitudc intersect ion m u s t  b e  

twice i n  the prcscnt  p rogram) .  
1 
The f i r s t  group incluScs: 

1. all type-ins;  

2. sep-rch and read-in operations for s to red  orb i t  elernents 

sun epherne r icle s; 

l zye r  of 

c oun t e d 

and 

3 .  updating of orbi ta l  elements,  as descr ibed  in'section 2.1.1, a n d  

the i r  preparat ion and s torage  for  use  in  the main  prozrarn; 

4. sun  data iatcrpol>tion, and transiormaticm to  orbi ta l  coordinates;  

5. var ious  boo!d;ee;ling operations concerning procram options, 

typed-in Sr id  spccificatiofis, ctc. ; 

6. calculate t ime af te r  ascenc'.ing node at which pe r i sez  occur s ,  t 
PI 

using the s ta t ionzry orbit  approxiixntion of Section 2.1, 2; that  i s ,  solve 

Equation 4b f o r  &I, given v,  by iterztion: Mi + 

= v - 2e s in  hl i 
where v is se t  equal to the argumciit of pcr igec,  W ,  

zero,  and t'nc itcrstiozl i s  continucJ until the change in hi is sa t i s fac tor i ly  

small; then, t 

i s  s e t  equal to 
0 

= (Tn h i ) /  ( 2  T ) ~  esseiitinlly as in Equation 5. 
P 

The second g roup  includes: 

1. 1 b, 5 ,  ancl 

7 anp 8. 

2. 

3. 

4. 

calculate satel l i te  p o i t i x n  in orb i ta l  coordinates  f r o m  Equation 

6, and t:ic conversion to ~ e o ~ r a p h i c a l  coordinztes  by Equations 

5y 203 or b. t es t  calculate x 
c d c u l a t a  rot l t ion mat r ices  f o r  23a, 

calculate orbital  azimuth of i'<orth, Equztion 17 
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I 

czlculs te  nadir  znd orbital  azimuth anzles f r o m  n 

storLci during f i r s t  grou? operations,  using Equations 15a, 0 ,  16, for 
Lo values 

0' 
1 5. 

(2) satel l i te  pr incipal  axis 

(b)  sh2dow line f r o m  s-tellite, 
I 

arid 
accof-ding to s tep 2, above; 

e t e r i :i ii 1 e g c 02 ra 2 ti  i c a 1 a z i m u  t h s by sub t r a c t i 11 g I4 o rth a z i inu th t 
I 
j 6. calculate rotation mat r ices  for  Equztions 23b; 

7. calculate pro2uct mat r ices  spcciified by 23a ,  b, and svpplcrncntary 

t ransformst ion  ma t r i ces  for horizon calcu!2.tions, Section. 2. 3. Z,and f o r  

x - t e s t ,  as  rlescril-ed i n  Scction 2. 2. 2; 7. test  that  t h e  calculztcci piincip2.l axis nad i r  anglc is small enouzh 

to  waqrant  drair,ing the gr id;  if not, loop to  next picture  t ime according to  

typz - ins .  

9. ueterrxiuc OE the bas i s  of the n x l i r  angle and sa te l l i t e  Zlti tudc 

whether  the principal point l i e s  on the ea r th  and ii i t  does,  whether  a. 

useful  f i rs t -gr id-point  can be derived f r o m  it; 

loa. If the pr incipal  point l ies on ea r th ,  find i t s  lat i tude a ~ d  longitude 

f r o m  Equations 3 0 ,  31, 32; in e i ther  case ,  s e t  a n  appro2r i s t e  indicator  

and s t o r e  the drtta fo r  u se  w h e n  ?lotting a d j x e n t  gr ids ,  s o  2.n to construct  

the required tracli  of pr inci2al  points; 

l obe  plot this principal point on the preceding gr id;  it \ J i l l  be noted 

that the preceding g r id  paper ,  an2 the complete s c t  of trc7,nsforrnation 

m a t r i c e s  f o r  t i e  prcccriirig gr id  must s t i l l  be p re sen t  i:i the coriiputcr in 

order to  accompl ish  this;  

10c. if principal point is suitable f o r  deriving a f i r s t -g r id -po in t  f o r  the 

new gr id ,  s to re  i t  fo r  this purpose separn tc ly  f r o m  the s t o r a z e  or' lCa, 
above; o r ,  if princi?cll point i s  not suitable,  use a suitable fa!:e nadir 

angle with Equat iom 30, 31, 32 ,  and store the resu l t ins  fake p r i n c i p d  
point f o r  derivin;: a first-;r id-point;  

11. calculate the sun -1inz coordinates,  according to  Equations 

28, 21, arid 3 3 .  Prefera!)ly the shadow point i;loulrl be dctcrniined h z r e  and 

storect, and a l so  plotted oil the previous gr id ,  to  faci l i tz tc  intcrpyetation 

i 
I 

~ 

- 3 7 -  ' 



I 
I , 12. calculnte suiiglint poilit, Ecp3,tions 3 6 3 ,  b, 28, 21; s t e p ; i s e  

redilction 0: the t r i d  interval  s:Zou!d bz u i e d  in the itzrc?tion of 36 a ,  b, 

r a the r  t!m1 d i r ec t  fecd-bLcli of thc cor41putzd d i ;c repmcy,  fo r  both l a r g c  

2nd si-nsll vzlues of N =lust be accom:.iod:nted, and the convcrgence p rope r t i z s  ~ 

‘ r  f o r  the two case6;  t e s t s  a r e  p e r f s r m e d  f i r s t  t o  deterrl,i:le v/hetiier 

I 
sun&lint 1 i s  possible;  t ! s 2  s u r i g h t  point d s o  shoul2 be plotted on the p r e -  
ceciixg g r id  to facii i t2tc u s e  of sungli:it-derivsd matchpoints as wel l  as 

f o r  br ightness  in te r2re t i t ion ;  

The prececlin;: opcrntions are  p ~ r f o r n i ~ d  p r i o r  to  roll ing the chart 

papzr  and p r i o r  to emptyin:, thc machine of t m  t ransfornlat ions for  the 

prsvious ::riL, in order  t o  perinit  the pr inc ipA pGint trac:., etc.  , to be 

elitereid o : ~  it. 

I 

i 

I 

Othcr  once -per  -grid operations include: 

13. calcuk-ti: 2 f i r s t  gr id  point by rounding the real or fake pr inc ipa l  

point t o  the n e a r e s t  f ive degrees; cnlcv l i te  i ts  t ransformat ion  into the 

picture  plane; if this point fa i l s  one Gf the validity t e s t s ,  round t he  principal  

point in  a different fashion, and calculate i t s  t ransformat ion;  this  procedure  

is repeated if  n e c e s s a r y  to  t ry  a l l  four  gr id  points at the c o r n e r s  of the box 

containing the s tar t -point ;  if none is accepted by the validity t e s t s ,  the gr id  

i s  re jec ted  and the program goes on to  the ncxt gi-ic?. 

140 if a s t a r t  point succcc3s,  i ts  lat i tude and lonzituclc &re printed 

out b y  tiic typewri te r ,  and the p rogram uses  i t s  t r ans fo rm,  and the 

trar:sfor::is cf points citl? !:LE -2:;r~~ i - L ~ ~ ~ ~ ~ ~ ~ t ~  0: l ~ t i t ~ ? ~  G;l i2  l ~ , i i ~ ~ t ~ ~ 2 ~ ,  

to plot a n  a r r o w  pointing north m d  v,it’i i t s  t ip a t  the st--ripoint. 

The th i rd  group 01 operations mzy  be considered a s  a s ingle  unit  which 

accep t s  a value of lati tude sncl longitucie, calcuiztes  i ts  t ransforAm into the 

p ic ture  p l ine  accordin& to Equations 19, 22 ,  a:d 13, t e s t s  the validity of 

the point in  all ways descr ibed  in Section 2. 2. 2, applies the lens  dis tor t ion 

1 accord ing  to  Eqixitions 25, 26, and 27 i f  the point is  goad, and then e c t e r s  
I the subrcmtine riocliiiccl f o r  niaxi:xum speed by AXACO’;L‘ which moves the 

plot ter  pen along the reqLirec! p2th to  the new point, 

var ious  cur ta i led  vzrs ions  of this group are  employed for c e r i i i n  applica- 

t ions in  order to  riiini,mizs operzt ins  t imc:  

, 
In the p resen t  p rogrzm,  

1 

I 
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I 1. horizon points a r e  calcul i ted sccordifig to  thc a l t e r r n t e  
I 

procbdure of the l a s t  para:;rrtph of 2 ,  3 .  2;  

shorter than the full  ixatri:; opcra t io2  otl1er;:ise rczpired.  

the t ransformat ion  is sowewhat  
I 

2. Grid bouridari2.s a r e  found by incrcmcnting f r o m  the s t a r t  point 

along a constant longitucir uritil a validity t e s t  is failed; the same occur s  
in the, I ot:.lcr direct ion along the sarne lon;itade, and then thc  lati tude of 

I . t!ie grici point n e a r e s t  the iniLcile of this zonz is fouild. 

replace the o r i z i n d  lati tude oi the s t a r t  point. Ncxt, the n e a r e s t  t o  a 

cen t r a l  longituie is found by the s a i ~ i s  Frocess ,  and suhsti tutcd into the s tazt  

point; then thc ne.irest to  centre1 latitu(!C i s  redeter-caincd if  thc: longitutie 

ch.mzed; 

a r c ? ,  

plot oc cu r s . 

This  is u s e d  t o  
1 

i t  i s  assur;-.ec! t b t  this process  hrrs  sa-ficiently camvassecl thc 

IThrouZhout th i s ,  of coursc ,  lcn; cor rec t ion  is deleted arid no 
, 

3, In the p re sen t  prozram the actual  objcct-image t ransformat ion  

has been.pro;ranimed in two different o r d e r s .  

operat ions r e l a t in s  to  the longitude of t'ie point, s o  that  onl;i the - rel-n;.inder 

of t!ie celculations is requi red  f o r  cucccec:ing points dcmg t!ie h e  of that  

constant value of longitude. 

a n d  t:ius is used f o r  constructing ~ J L Y - ~ ~ ~ c ~ s  of lz t i tu ie ,  

such a s  sunglint, shado-:.~point, subpoint, and pr incipal  points a re  found 

using tile routine fo r  longitude f i r s t ,  sincc: tha-t has slightly fewer  riiultip!y 

c ommand s . 

One f i r s t  pc r fo rms  thc 

The other t L e s  izito account the lzt i tude f i r s t ,  

I s o k t e d  points,  

! 
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SECTiON 11 - I 
I , TIROS I-IOXXZON SENSOR PROGRALI -- 

1.  T i t le  
--c , 

TTKOS Horizon Sensor  P r o g r a m  

Designation: H-1 o r  1-1-5 I 

Computer :  Cendix G - l 5 D  w / P R - 2 ,  P A - 3  

2. P u r p o s e  - 

Reduction of raw TJROS horizon s e n s o r  data  to a fo rm where  it can  

be useid t a  de t e rmine  TIROS sp ia  axis  or icniat ion in orb i ta l  coordinates .  

I 

3 .  General  P r inc i2 l e s  - 

TIROS sa te l l i t es  a r c  eqcippzd \-:ith an i d r a - r e d  horizon sensor  

mounted so  that  i ts  optical  axis is at an anzle  t o  the nomina.1 spin axis of 

the satel l i te .  

it i s  70’. 

0 For TiROS I thyu I V ,  tile anglz i s  90 ; f o r  TIROS V and VI, 

The a n ~ l e  of acceptance a1 t ae  horizon scrisor i s  of the o r d e r  of 1 0 

As the sa tz l l i t e  sp ins ,  success ive  horizon encounters  a r e  marked by 

a r i s e  agd fall of the IR observeL\  by the senso r .  

t o  the  ground durin; a p a r t  of the per iod \-:hm the sa te l l i t e  i s  within 

The 1 3  intensi ty  i s  te lernetered 

acquis i t ion rad ius  of t:ie Conimand and T)?ta Acquisition station. At the 

ground the signal i s  par t ia l ly  differentiated to enhance ciianges, clipped, 

and f ed  t o  s. discrimin2.tor c i rcu i t  tnat  niarks the t ime of horizon encounter .  

The  d i sc r imina to r  cont ro ls  a clock cou.riicr that  accuinulates  the number  

of mi l l i seconds  between horizon mcoun te r s .  Upon encounter ,  the  contents 

of the  binary countzr a r e  t r a n s f e r r e d  t o  a spec ia l -purpose  computer  that  

conve r t s  to  dec imal ,  codes the decimal  number to  te le type coding and 

i n s e r t s  f o r m a t s ,  and puncLies a teletype tape containing the appropr i a t e  

I m a t e  r ia l .  
I 

The f r ac t ion  of a spiri period occupied by e a r t h  or  sky i s  re lz ted  to  
j I 

I 

t!ie andle between the s p i n  c?xis zrlJ the ve r t i ca l ,  ca l led  the na i i r  enSle,‘ 

J-et u s  se tu?  coordinates  a t  the satel l i te ,  z whzre  z poiitt; do1-m X1’ Y1’ . 1’ 1 
tie spin ax i s ,  y i s  in t:is p lane  cDntair1ing tile cc;:ter of the e a r t h  and t:in 1 
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z 2 tan 2 9 = x1 2 t yf 
1 

X = Z t a n +  cos  u 1 1 

= z .  tan 41 s in  u 

w h  e re 

y1 1 

9 i s  the cone angle 

ci i s  the rotation ans l e  with r e spec t  to  the ylzl plane. 
I 

and z is The sur face  of the ear th ,  represcntcd in para l le l  axes x 2 , y 2 ,  2 

2 2 2  x2 t y 2  t z 2  = 1 

w h e r e  the rad ius  of the ear th  is  taken as unity. 

re la ted  to  the f i r s t  by 

This  coordinate s y s t e m  is 

x2 = x1 
y 2  = y1 - a s in  n 

z2 = z t a cos n 1 
where  n i s  the nadir anZ12, and  a is the norn?alizcd ciistaacc bet\:/eCn OZ’ig i I lS .  

The fo rmulae  may ba collected anti all coordinate var iab les  but z 1 
e l imiaa tzdo  

with the horizon is that t he  dixcriminant of z vanish: 

The niathernatical conditicn f o r  the intersect ion of the scan  cone 

1 

2 2 2 2 
a (1 - 2 t an  + cos  u tan n f tan 4 c o s  u tan n )  

2 2 2 2 - (1 t tan n )  ( a  -1) (1 i; 2 tan 4 cos a) = 0 

This  can be solvzd f o r  n,  giving a f t e r  some rcarrangernent :  
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I /-l--- 1 2 2 2 ) (7 -I- s in  + cos  u - s i n  +) 
-- 

~ 

I n = a r c t a n  
s in  2 + C O S  (T 4 2 1"' -;- - a 

--_I_ 

I 

1 2 2 
a 

2 ( 1 - -'l - sin + cos  o) 

1 As the satel l i te  moves in  o r l i t ,  the nzdi r  angle continually changes: 

cos n = cos n cos  (L  - Lo) 
where n is the rnirlimum nadi r  an,le ( the  declination of the spin ax is  with 

r e spec t  to  the orbit21 plane as  equator) ,  L 

nadir  ans l e  ( r i sh t  ascensiori in the orb i ta l  p l inc  of the spin ax is ) ,  and L is 

the a rgument  of thz position of th2 satel l i te .  

0 
I 
1 

0 
is the arguzicnt  of minirnulm 

0 

Tach ir.terva1 bstween horizons (20- OT 2rr  - 2 ~ )  can be used  to  rnAc a n  

to  find bes t  estirnate3 

es t imqtz  of no 

aza ins t  a nomogram of n vs L f o r  var ious values of n 

of n 

If these be 2lott2d as 2. function of L, the plot c:tn be used 

0 

and Lo, the wanted att i tude pa rame te r s .  
0 

4. ?,;ethod 

4. 1 The data 

The data is prcsented a s  a punchzd tape in teletype coding. The tape 

contains four  digit groups represent ing (normal ly)  f i r e  number  of mil l iseconds 

between success ive  horizon cncou.iters. 

t e rmina ted  by a czirriage r e tu rn  and l ine feed. 

Ten  such groups  consti tute a l ine,  

A grou? r e2 rez  eT,tizg h o r i s = n - . z z r t h - h s r i z ~ ~  is fol:oi;izd b y  a. spdce, 

while a horizon-space-horizon group i s  followed by a Comiiia. 

r e c o r d  of m o r e  than 9993 ms a re  fillcd by 0000 groups,  r ep resen t ins  

Gaps in the 

0 0 0  ms. 

Real  tirne relationships a r e  establic!iad by "clock s t a r t ' '  and  "clock 

These  a r e  desiznatecl by a sequence of a minimum of foilr stop'! codings. 

1000 groups  followed by a minimum of th ree  0000 Zroups. 

and of stop, Given in  the preamble  of the teletype tzpe,  cor respond t o  the 

' end of the ' '1000'1 groups,  Accordi:igly, clock s t a r t  o r  s t o p  is recoznized 

The  t ime  of s t a r t  

i 

30, 000 ms a f t e r  i t  actually c)ccurs. Recoznition of clock stop is not real ly  

requi red ,  a s  t h e  proC;rzin can be stopped m a n u d l y  v;hzn the da ta  runs  out. 

It i s  oSviously crucial ,  h o w e v ~ r ,  that thc estaSlished s ta r t ing  f o r m i t  be 

I 

I 
I 

presea t  on the tape, 
-.. 

I 
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(1) The  horizon discririiinator was trig2erecl by noisc ,  o r  failed to  

r eco rn ize  an actual  horizon; or  no s ignal  was rece ivsd  due t o  fadeout o r  I 
IC' ruption f o r  reception of other tcle:.ietry. These classes of e r roneous  i n t e T  data can  be supres sed  by two tes t s .  

(a)  Successive s r o u p s  must  be followcd by a l te rna t ing  spaces  
and ccrnmas.  Thc second of a data pa i r  thus disqualified is not used. 

has  another  chance at qual i f icat im wit!i the follo\;ring group. 

It 

(b)  Tho s u m  of two success ive  groups psss iog  t e s t  ( a )  mus t  be 
I 

witliin' 30 ms of ORE spin period of the satel l i te .  

en te red ,  may  be de te rmined  b y  inspection of th2 data  or  f r o m  independent 

sou rces .  The  fate  of a disqualified group i s  as above. 

( 2 )  Too many o r  too few digits in a group. 

The  spin per iod,  manually 

Th i s  may or iginate  in 

t h e  tape prepsrs t io i i  (the e r r o r  there  i s  a lmos t  invariably a dropped z e r o  

a t  the end of a group)  o r  in the P R - 2  tape r e a d e r  a t tachment  to  the CoIilputer, 

where  space  o r  coAxma cha rac t e r s  may bc mis in te rpre ted  as d iz i t s ,  as well 

as digi ts  n i s i n t e r p r e t e d .  

cope with a random nur-iber of a p p r e n t  d i s i t s  and groups in each  line. 

A s  a resul t ,  the p r o g r a m  m u s t  be p repa red  to  

4. 2 Computational Formulae  

The  t ime  in te rva l  bet\-/ecn successive horizon encounters  is related 

to the nadi r  angle of the spin ax is  by 

1 2 2 2 

a 

2 2 

s i n  2 4 cos  i;t 2 (-z -t s in  4 cos u - s i n  $1  
-- (1) 

n = a r c t a n  

2 2 ( 1 - l / a  - sin L) cos u) 

where  

n = the  nadi r  an212 

4 = the angle between ser,sor axis and spin axis 

a = geocent r ic  r sd ius  to  sztell i te in ea r th  rad i i  
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I 
I 

I u = -  2T = (in c i r c l e s )  
T - T  

I 9 

I 

T e 

T = the durat ioa of an earth s c m  

T = the duration of an  adjacent space  scam 
c 

I S  

T = T + T = the rotztion period of TIXOS e S 

0 i 
I Except  f o r  the sin3ula.r case of + :: 90 with the senso r  axis a t  r ight 

ang lc s  t o  the spin ;?xis, n is a t\-:o-vc..lued function of (T, represcnt ing  a t r u c  

a n i b i p i t y  resolvable  only by the tciiiporal b ~ h z v i o r  of n, which is not 

available to  tiic computar .  

The s ingular  ca se ,  used foi. TIROS I - IV,  reG-Jces to 
i 

a2 -1 n = a rc t an  - 2 2 -  1 - a s i n  IT 

The s ign ambiguity i s  not significant. 

The  nadir  angle,  a s  computed by one of the formulas  above, is 
I 

machine p l o t t d  as a function of L, the t r u e  anornaly of the sa te l l i t e  at the 

t ime of t h z  observat ion of u. 

defined by 

F o r  convenience,  the plot is against  I, 

P =  L - Lr ( 3 )  

where L 

convenience,  t!ie s ta r t ing  point of tile reckoning of L is displaced to  ascending 

node, s o  thLt a qucntity 

is the value of L at the t ime corresponding to  clock s t a r t .  F o r  r 

L = Lr f I? 
S 

is o u t p t t e d ,  wlicre ::: i s  the argument  of perigee.  

r e su l t  in m o r e  than 36C , in  which c a s e  only t?ie excess is ocLtputtec!!. 

The  addition mey of c o u r s e  
0 

Other  formulae:  
t - t  t - t  

P 
P s in  -- I? P E  

n 
L ( c i r c l e s )  = - -+ - ?T 

n 

I v:he r e 

t = t ime  (C-MT) 
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t - t  t -t 
P "  

n P 
- t  

n 
t s  p = s  a -_I_ 

n 
Q =  p P 

\yith ta = t ime  of ascending node  (;>.IT) 

The l a s t  t e r m  of ( 3 )  is zivcn by 
. ,  i 

. .T 

t - t  
I - -  s i n  P "  = \./ E 

i r  n P 
tp - ta 
--_I 

n P ( 9 )  

This  must  be solved by iteratior,. 

ccdure  s2itl-i ;>,; as  the f i r s t  es t imate  converges rapidly because of the  small 

niaznitude of c f o r  zny reasonable  orbit .  

Fortunately,  a s imple  cu t -and- t ry  p r o -  

The geoczntr ic  rad ius  of ths satel l i te  is given by 

5. P r o s r a m  Organization 

The p rogram is loaded and checked f r o m  paper  tape.  I t  r equ i r e s  slightly 

&?ea te r  memory  cap2ciiy t h m  the compvter  p o s s e s s e s ,  s o  that  the type-  
w r i t e r  input of non-repet i t ive mater ia l  i s  accomplished f i r s t ,  the  rns te r ia l  

is processed ,  and furt'rier p rog ram loaciing proceeds.  

initi2.l coriiyutation occurs  durin: input of s u t a  equent data. 

l 

The bulk of this 

1 Typevjri ter input rout ines ,  special ly  viritten fo r  this p r o g r a m ,  a r e  
I 

a r r a n g e d  fo r  e>;tre;nc convcnicnce of routinc use. 

f o r  by a br ief  rnrleiiiorlic output. 

t;.;>ccl direct ly  without t h e  u s e  of the h 0 l 1 0 ~  per iod (the reload key). 
nurr ibers  requi re  the use of t h e  Imllo~-: pzriocl. 

Each  input i tern is cal led 

i'ihole numbers ,  da t e s ,  hours ,  etc.  are  
Decimal  

f -. 
Str ik ins  t h c  hollo-;~ pe r ioJ  in 
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I 
' i  I 

I a \\hole n u n i b c r  is immediately ia tc rprc ted  as a n  e r r o r ,  the  computer  

. takes  conirol,  a pa i r  of tabG occurs ,  a:><, tile nu\;ibcr m u s t  bc retyped. 

Si:ililarly, if ;in e x t r a  hollow perio..l i s  typccl in a deci inal  nuniber ,  the 

typein e r r o r  routin?c is entered.  
I s c r v r s  to  e r a s e  any typiilz e r r o r  mzde before stri!:ing the r e l c a s e  key. 

upol-htriking the r e l e a s e  key, a hollov: period has  not bcen typed ill, a n  

input suppased to  Le ;L decimal  nuixber, t!ic typein e r r o r  routine is en tered ,  

As a fu r the r  convenience and s x f c p a r d  for  the opei-ztor, a mnemonic 

If a n  e r r o i  is 

Accordingly, a s t r ing  01 hollow pariocln 

I$ 

I 

output ca l l s  for  a proof r ead  a t  the end of 2 group of typcias.  

discovered, typing 

back to the bezinning of the g roup  of typ3iiis. 

the p r o g r a m  to  proceed,  

-1 (or a n y  othcr ncLative numbzr )  sends  tile p rogra in  

Strikiilz the r e l e a s e  p e r m i t s  
I 

A pa i r  of axes  c?re plotted by the P A - 3  plotter, p receded  by a hz l t  

to  p e r m i t  adjustnient of pen position. 

data  tape positioning in t h e  P X - 2  photoreader  and s.atting of i t s  cont ro l  t o  

"run". 

Another halt  p e r m i t s  ver i f icat ion of 

A block of tape is  r ead  by the photorezder ,  correspoil2ing to  ;? l inc  of 

teletype printing. 

by coded spaces  o r  coImnias for a totzl  of 50 c h a r a c t e r s  plus the c a r r i z g e  

r e t u r n  control ,  h e r e  in te rpre ted  as a stop. 

Bendix "Yi" (12) in the P R - 2 ,  while the comma becomes a n  ''XI1 (13). 

A ful l  l ine would cons is t  of ten 4-digit  groups sepa ra t ed  

Thc  space  coc!c is r eco rded  as  

The capacity of the p r imzry  i n p i t  buffer, line 23 ,  being but 29 hex  

c h a r a c t e r s ,  an  automatic  re load occurs  during input of a norrrlal o r  near- 

n o r m a l  dz ta  block. Th i s  r e su l t s  in 29 c h a r a c t e r s  in th,: "bottoni" of l ine 

19 and an indeterminate  number  in l ine  23. 

tile remaining data  in  l ine 2 3  and gr2,ft i t  onto the f irst  29 c h a r a c t e r s ,  

re located m o r e  convmientfy in memory.  

A routine is r equ i r ed  to n o r r r d i z c  

Each  c h a r a c t e r  m u s t  now be examined in  turn.  If i t  i s  a dec ima l  

c h a r s c t e r ,  i t  is routed to  i t s  proTer place in  the binary convers ion  routine,  

If i t  i s  a ;V or X,  i t  must be the fifth cha rac t e r ;  if it  occurs e a r l y ,  zeross  
m u s t  be in se r t ed  f o r  the miss ing  digi ts ,  and t h e  bell  soun i s  twicc. The 

defective number cznzlot be rejected because of the necess i ty  of rm-intainin:: 

the bes t  possible  es t imate  of elapsed t ime froA= clock s t a r t .  

1 

! 
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\iS'iien t he  count of 0000 groups reachcs 3, the clock i s  stx-rted with 30, 000  

ms if  i t  is  not already r\mning, o r  stopped if  i t  has  becn running. 

clock s top tha p r o g r a m  can b e  rerun. 

data  does not affect  processing,  but r equ i r e s  reloading the p r o g r a m  fo r  

r e s t a r t .  

After 

Absence of clock s top codizz in the 

Once the clock is s t a r t ed ,  a 0000 groap causes  the i inmcdiate addition 

of 10, G O O  P*S to  the clock and a re turn  to the da ta -word  extract ion routine 

i s  perforriicd. 

p rocessed ,  the other  for  the cur ren t  word. 

opposition of signs of the siords. Fa i lu re  lescls t o  addition of the absolute 

value of the cu r ren t  word to the clock, substi tution fos the previous word, and a 

r e t u r n  to  da ta -word  s estrzLction. The absolute v d u e s  of the previous and 

c u r r e n t  words a r e  added, and tested t o  fa l l  v.,ithin 30 m3 of the nominal  

s p i n  per iod,  

Two r e g i s t e r s  a r e  rnaintLincd, one f o r  the previods word 

T e s t s  a r c  perforrncd to assuse  

F a i l u r e  leads t o  the sanic route. 

The  surviving v o r d  bzcoines 'T o r  T Cepending on flag,  in the e S'  

The clock cofitz.iiis t - t  which i s  user! to compute a, and l a t e r  1. a,  

f o r m u h e  of the preceding section. 

s J  
with Te, is used  t o  compute n,  which i s  entered with 1 into a plot ter  roctin: 

which posit ions the pcn to plot n against e, marking  a "i" in  tlic appropriate  

location, 

in sequence. 

I 
1 

Zquation (1) admits  o€ t\io values of n, both of which a r e  plotted 

The  plot ter  output, contAinin5 a l a r z e  number  of d i s c r e t e  s ca t t c r ed  

points,  each reprSsei-,tin;; L' val i5  dzt,?. V I O T ~ ,  i s  u sed  with a noxnozraphic ,-- 7 

I l  
I 
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on of the most probable s 2 t c  

11105 t con e i c1 t erit dTta points, 

l i te  attitude. 

re ject ing the 

\ , i ~ c ~  points causcd by noice in the  s y s t c m  ( a  few such points rnailzge to  

sc rv ivc  t h e  loLicc?l t e s t s )  a s  \-;ell as thc order ly  di2rcs:ions from tile 

p r q  e r  curvz cnuscd by the horizon d i sc r imina to r ' s  pursu i t  of a cloud 

ratlier than the horizon itself. t 
I 

6 .  T i mi n 'I C on s i c!e ra t io  11 s -- C L  

P r o g r a m  tiriie i s  not par t iculzr ly  de2enclent on coniputation t ime,  

but r a the r -  on edit  time and plotter specd .  

The intern21 organization of the G-15 D coriiputei' rnc?kes dizit  -a t -  I 
a - t ime cxzmination of r a n d o - d y  orzm-ized  input data relctiveljr difficult. 

A solction w a s  f o u n j  fo r  4-bit precession of data which pe rmi t s  cornpuia- 

tion ciuring precess ion .  Accordirl;;ly, much of the conversion, c tc ,  is 

coiitainad within edit t ime. 

revolutions or about . 15 sec.  

1 s e c  io  p rocess  to the point of decision to  plot. 

10 word teletype line. 

tapc input znd norrnaliz,ation. 

The examinatioii of each digit  takes 5 d r u m  

A 5-cha rac t e r  input word thus takes  about 

This  i s  about 10 s e c  p e r  

To this ,must be added about 3 S C C  p e r  l ine f o r  

Subsequent computations to  t'ie point of p e a  motion takc about one 

second, s t ra izh t - l inz  codiag being used  in pa r t  to avoid t ime loss in 

subro1:;tine en t r ies .  In spite of ap2,arent g r e a t e r  fo rmula  complication of 

H-5  over  11-1, the same subroutines a r e  used  so that totxl  compute t ime 

i s  not great ly  Lifferent. 

P lo t t e r  speed i s  about 2 inches p r  second. The pen dovLn-mai.k 

an "x" -pen up sequence takes 0.  3 s e c  fo r  each  point plottccl. Pen t r a v e l  

de?en.'s on datcs s ca t t e r ,  averaging pe rhaps  0. 5 in between points f o r  the 

i f -1  (90° )  program.  

" t rue t '  clnc'i "false" values  of n resu l t s  in a v e r a z e  pen t r a v e l  per word of 

0 For the f I - 5  (70 ) progrxLi, a l te rna te  plotting of 

1 5, in. 

The nurnber of "good" words plotted p e r  orb i t  can be about 200. 

The total  number  p rocessed  may be 300. 
1 

I 
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i . ._ . 
. ,  

€i -1 Ei -5 

s e c oncls 

Lo2.d 

Set t l o t t e r  

Typcins  

Set Data Tape  

Read and Edit  30 Lines  

Conzputc 200 Points 

Plot 2CO Points  

P lo t  2'00 P a i r s  

. Plot,-Axes 

, 

90 
30 

1 5  

60 . 
30  

390  

200 

110 

925 

90 

30 

1 5  

60 

3 0  

390 

2 0 0  

620 

1435 

'7. Other  Computers  

It is of i n t e re s t  to  examine the cha rac t e r i s t i c s  of a computer  that  

mi gh t fa c i 1 i t  a t  e t h e s e c o:;lp u t a t i on s . 
The edit  function, which l o o m s  large in t ime consunlption, would 

prof i t  by ai1 input sys ten i  which csn dis t r ibute  each cha rac t e r  t o  a separa te  

word, or at l ea s t  to a delinite loci t ion indepencent of input icn$h. P r o m p t  

subsequent xccess  to  such cha rac t e r s  would te lescope the edit  and conversion 

p rocess  to  a smc~11 f r sc t ion  of its p re sen t  length. 

c h a r a c t e r  -by-chsrac te r  input, in Lizhich processing of each c h a r a c t e r  would 

be complete  before the next onc is picked up. 

A fui-thcr possibil i ty is 

Algebraic comput?-tion i s  not v a r y  s i g n i f i c ~ n t  in tha total  t ime ,  

although gains h e r e  would be helpful.  

Plott ing tiLi.-e is significant in the 51-5 prosram, I t  can be speeded by 

use  of the f a s t e r  ( 3 ' '  per  second) Calcomp plotter.  

used \\ith the GcnZiix G-15 D computer  bcchusc of the l imited speed of 

coinputation of control cor-iriiands. 
computes  nnd exccutcs these cor,iinnnris at about 210 per  secon5. 

secnis to  be 110 nicthoil of fu r the r  2ccelerz-ti2g this process .  

This  plot ter  cannot be 

1 
A3ACO; i has dcvised a routine which 

T h e r e  

I 

I 



.- ‘i -.-.” 
i If thc computer is  capable of ior1,iing cotitrol characters significantly 

f35ti:r t h z n  they a re  required, anc! h&s o>LLti)ut bdf$yinG capabi l i t ies  usczhln 

with t:ic plotter,  t h e n  compcte -\/bile -plot is poss ib lc ,  reducing t o t d  time 

to ne{, plot tii:2e. 

confoim to  tlie above suggest ions f o r  f ea tu re s  to  accelerate prozram 

pc rf ormarice. 

Of the sn-ialler-sczlc coniputers available, the CDC 160-A scenis to 
I . 

I , .  
i 
I 

I 
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SECTiOX I11 

l.7 :;enciis G-15 D 

1l:it:i a unit availahlc a t  Poirit h T u ~ u ,  equipped with the then -ncw C d c o r n p  

plot ter .  

deve1opr:ient. 

I:no-,-m to  offer t h e  plot ter  as m on-linc fea ture .  

1 The use  of Bendix G-15 D computers  at the CDA statioiis or iginated 
I 

A s imi l a r  unit at ARACON i a b o r a t o r i z s  riisde p o s s i t l e  p r o g r a m  

At the t ime of the ori$nal VJOI:., no other  c o a p u t e r  was 

AccordiIigljr, this corriputer ;ins leei1 used for a progrr?m that r m y  be 

considkred ambitious for  i ts  ripparent c?,prtcity, 

uI:its, with the input OulEerinS c2-pacitizs of t h e  1’)enJix h a s  made possible  

The use  of magnet ic  tape 

reasonably eii icicnt operation of this l a rge  prograr-a. 

2. Prozram Time  Distribution - 
The following is the npproxir-;mte dis t r ibut ion by perccntage of 

operst ing t ime  of the var ious TIROS programs now used: 

P i c t u r e  Grids  

H-1 or K - 5  
bl GAP 

ODA% = OPAM 

Subpoiilt and pr incipal  Point 
L i s t e r  

Sun Shadow 

hi i s c e 11 zn c ou s S e r v i c e s 

IR Gridding (Proposed)  

70 70 
8 

5 
5 
1 

1 

10 

(15)  

3. PTew Compute? Requireriicnts - 
The scope oi TIXGS ~ C F S  grov:n f2.r teyonc: the s inz le -sa te l l i t e ,  

s ingle  - c z m e r a  operz-tion that origirially was s e t  up. 

s ta t ions have had to  process  dzily ope ra t iond  d a t s  f r o m  t h r e e  c a m e r a s  

Already the read-out  
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I 
I 

I 
proLab:)r more,  c;tr^iie:.s..s in the near  Euture, i-Towcvcr, i t  h s s  been found 

that operation \. i t5  th ree  car:it?ras ,zlready s t r a i n s  the capLcity of the 

Bcndis  G-15  D s y s t e r i  \-,ith thc present set of p r o g r s ~ i ? ~ ~ ~  

prograxi1iiling the  systcrn IiiiGht e! e out s u p p a r t  f o r  four  ca inc ras ,  but 

with no r e s e r v e  f o r  emergency  wor!c, end more timn four  c a m e r a s  woulcl 

be tqlally out of the question, 

e s s 2 tit i d  

ii'ith rev iccd  

1 
T ~ U S  an inc reased  cornputin2 facil i ty is 

l 

I 

Among tlie many possibil i t ies,  i t  is bcli2ved t h t  a chmze to the 

CDC 160A conipLiter is pi-obi7.bly the mos t  des i rab le  ctep. 

f ea tu re s  appear  ideal for  the needs of the TIAOS operations,  and although 

inr!ivi*Jually these  f e n h r e s  a r e  not unique to the I jOA, i t  appears  that 

the specific cor-iGi:iLttion is uniquc a t  this p r i ce  lcvcl. As descr ibed  below, 

this compute2 offers  0ill.r' a raoderztc inc rease  iil gene721 ar i thmet ica l  

speed over that of thc present  Eenl ix  G - 1 5 3  sys t sm,  

f ez tu res  (input/ o u t p t ,  etc. ) combine t o  produce much m o r e  efficient 

systcrn operation. Thus ,  f o r  example, the gr id  p rogram speed-up rel2t ive 

to  the Eencix will be considerably grea te r  than w G d d  be in fe r r ed  by 

compariIig orily the a r i thmet ica l  s p e d s .  

Severa l  of i t s  

. .  'r 

However, the o ther  

One r equ i r emen t  for the new sys t em,  which is admi rzb ly  fulfilled by 

the lSOA, is flexiblc input/ output pe r fo rmance  with a r t i t r a r y  codes on 

punched tape,  and a good editin: capability. 

p e r m i t  conversion to autorciatic niaciiiiie preparat ion and reading of 

teletype messages,  Y:ith the increased  sco;>c of TIROS operzt ions,  the d i i e c t  

input of reperforLited teletype data, and the d i r ec t  p repsra t ion  of s u m m a r y  

mcsssges (ODA:.;, OPAX, etc. ) a r e  most important  f r o m  the human fac to r s  

standpoint of eliniicsting e r r o r s  and of smoothin2 out thz operating 

procedures. 

make i t  f ea s ib l e  t o  r ead  in lcngthy tablcs  of coniputed da ta  as it is reccived 

f r o m  NASA computing cefiter. 

These f ea tu res  are necded t o  

Froin the co i~put ; i t io f id  stc?n:$oint t h i s  change i s  ncecled to 

Since this is to  be ;? replacerner,t s y s t e m  in a daily operat iox.1 en te rp r i se ,  

t he re  should bc no cpestion of new and uriti-ied harcl.;;are designs,  with 

possibil i ty of pro t rac ted  shut -cioiins fo r  6ebu;;inS. 

fea ture  of the lbOH i s  tile avail i l- i l i ty of tlie hiSii-:pccd inci-ementnl plot ter  

Thus a n  irrlportant 
I 

1 as  a st:r.rlzrd accesso ry ,  with tli.orovz;hly tes tcd xncl provzn CDC h:.rdv:r-re 

linl:izl=; i t  to t!ic Coi;n~>lit2~. I 
I 
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1 
' A requirefilezit f o r  e f i i c i m t  in-st-tion use  is the provis ion fo r  full  

i : : p L i t /  OJtpLlt bufferin;, with ;7oo': interru2t  1iard~;tzre and cornrnands, and 

i t  i, iniportzrit t o  i n su re  t h l t  the plotter ccln be oTzrnted throuzh the 

Luf fc red  c'!ia.nncl, 

a 2 ~ .  te ,n  belov;, w e  reconlrnencl at l ea s t  one Auxi l i l ry  Memory  Unit 

(of ,(ire s to raze ) ;  with this  i t e m  it is bclicvcd that an  ndditioilal parallel  

buffer channel in effect  becorner, ava ihb lc  through carsl 'ul p rogramming,  

3lt:ic)u;:ii -,\e hsve not yet received firm enLinccring d2tz on this  ma t t e r .  

vio.ild be most helpful iil pe r-rnittin: nori-isl  input/ output o3erat ions during 

Eric: plotting, or i f  ixore spccci is neciled In te r  ilz facil i tzt ing the use  of 

tv,in plot ters .  

These requirements  s r e  me t  by the 160Ae In  suzgcst ing 

i 
I 

This  

It  is mos t  impor tan t  that the ne11 s y s t e m  bc flexible enouzh to  

accomri ld?- te  l a t e r  revi5ior.s in  TIROS operations.  'Tere t h e  160A has two 

advantages:  the bas ic  unit sugi,ested h e r e  is  readily expanded in a var ie ty  

of ways,  and the computer  i; rezdily incor2oratzd into l a r g e r  complex of 
CDC cornpulzrs such as is contemplated for XIMSUS operations.  

i t  is unlikely that  the lbOA systcni  .vvloulC:. havc to  be  replaced, alonz with 

all of t he  p r o z r a m s ,  in the way that i t  nov  seerns n e c e s s a r y  to rep lace  

the  3cnZis  instal l i t ion.  

Thus 

In addition to the f o r e s o i n s  hard\;are f ea tu res ,  the CDC 160A soft-  
ware includes a t r ans l a to r  v;hich n o r l i d l y  will produce ?-n operating 
p r o g r a m  in ;LR in te rpre t ive  1an;;ui;;e for  the 160A (SICOX) d i rec t ly  from an 

a l r e s d y  existin2 and debusgecl proSrani in the Bertdix G-15 D in ie rpre t ivc  

lanzuage (I;JTERCO;>:), 

opcrat ional  prozranis which happen to  have been left i n  In te rcom,  as wel l  

as t o  cocver t  e a r l i e r  vers ions  of the other  p r o g r a m s  whose logic and 

bas ic  algebra were initially t e s t& in Intercom, For permznent p rograms  

i t  would be p re fe rab le  to  r ewr i t e  the en t i r e  l i b r a r y  now used on the Cenclix 

for TIROS, L>ut as a back-up durin; init ial  operat ions with the new s y s t e m  

the translator f e a t u r e  could lie very helpful. 

This  could be used t o  convert  d i rec t ly  those 

Another softx,/are fea ture  oi the l6CA is ;r FORTRAN compiler.  Y,'e 

emphsticnlly do not rccornrilend t h a t  the re;ular operat ional  prozrzrns ba 
produced wit11 FOXTXA;! fo;. thc  prcjcri t  \-;ark. 

- 
E-Io*.ievcr, a sa in  this  is 
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I 
I 5 f ~ . - - t u r e  v:hich might be u s d u l  during i n i t i d  opercztions with thc sys tem,  

I 
~ , y i  protiiucing usaLle i n t e r im  p rograms  v:ith leLst effort. 

t:lc cor, ipiler r equ i r e s  magnet ic  t i p e  unit.; , which we do not recornmend for 

t:.lL' TIROS operat ions,  but the cornpiling might bz eccornplished dur inz  

re.  ted ti:-.ie on other  160A instdlnt ions.  

Unfortunately 

A fin21 software a rgumen t  in favor  of the CDC l6OA is the consequence i of t,ie F-do;>tion of this machine by var ious  groups a t  NASA for  u s e  as a 
con:;>utcr.-to-telctype buffer. h extensive s e t  of prozi 'ams hzs been built 

u~ to  'nzndle the n e c e s s a r y  input/output operat ions,  as wel l  as to  accompl ish  

the relativcly coinplex editing that is required.  

stood thzt programs already exis t  for dezlinz Lvith the .data trrinsfiiissions 

~ ~ o z I ~ P T A S A  cornputin:: cen te r ,  which \-:ere fiientloxcd above. 
w o u l ~  b2 s trer-iencious advzntagc in  set t in2 the ncw s y s t e m  ia to  efficient 

o3e r n t i 01:. 

For exarnplc, i t  is under -  

These p r o g r a m s  

4. Perforrnence Data, CDC l60A 

As is the case with s e v e r a l  modern lower-pr iced  computers ,  much 

a r i t h m e t i c 4  hardwctre has beer. omitted from the CDC 160A. 

basic  word s i ze  is s o  small (12  bi ts)  that  multiple prec is ion  operat ions are  
riectied f o r  most  work. Consequently, re lz t ively extensive sof tware is 

required f o r  norrn3.1 operat ions,  m d  the perfor;-nance of the avni lsble  

arith;ncticiil subrout ines  is most  irriportsiit in  determining the ovei.2-11 speed  

of the coniputer f o r  norms1 scientific applic2tioiis. 

Also,  the 

Accorriirig t o  the CDC 16GA Program Catslog 4 ( i jovember ,  1962), 

o d y  fixed-point a r i thmet ic  subroutines ; t ~ e  availzble for use in machine - 
code prozrams. 

arithr-netic ( 2 2  bi ts) ,  which is probrrbly adequate prec is ion  €or  ou r  purposes. 

A \ Q  higher -precis ion subrout ines  a r e  availzible f o r  machine -coded progi-c-rns. 

Fo r  comparison w e  l i s t  thc s p e e d  of the 3endix  G-15 D for  opt imnm-access  

C G d i n ; ,  which is representa t ive  of our prozrarris in thc par ts  vjhich are  

rt.?eated raost often, and the CDC 924, which is the n e s t  l a r g e r  IIlac'nii1e 

(ti:,ies a r e  in rnilliseconiis): 

A s e t  of subroutines provides  double-precision fractioxial 

7 7  
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I \ CDC 924  CDC '16O.A Ceni ix  G -1 5 D 1:endix C-15D 
, (1 5 bi t )  ( 2 2  bi t )  

--I__- 

( 2 8  bit)  -- _I 

(23  bi t )  ~ 

I 

Add 0 010 0.225 0. 6 - - - -  
Sub. 0 010 0. 300 0. 6 
hlylt. .038 5.0 to  10.0 20. 0 
i,ii. . o s 8  10.0 20. 0 

- e - -  

10. 0 

10.0 

I As this table shov;~,  the perforrnance of t h e  l 6 0 A  is not par t icular ly  

i m p r e s s i v e  fo r  niac!iine -language codcd ar i thmetic .  

disadvantage of lacking hard\-;are f o r  overflow testing, and i t  has  only a 

single -prec is ioa  r cg i s t e r  for the shift operations requi red  in scaling. These  

operat ions thcrefore  r acp i r e  aSc!itional programming.  

the 1,'bOA is not well suited to r-iiachinc -1angusg;e coniputations, and i t  appea r s  

that  this is tzcit ly admitted by C3C,  f o r  according to  Program Catalog 4, 
they offer no subroutines l o  cnlculste s t a x l a x 1  fuilctions o thcr  than a. curious 

"9-bit  quick s in? ' '  which i s  of no  use to us. 

In s d d i t i m ,  i t  has the 

It  would secm that 

- 

On the other  hand, relatively good perforrnance is shovm by each of 
the th ree  in te rpre t ive  lctnguages oifered for  the IbOA, in  that the Zdditionzl 

complications oi t r i p l e  or quadruple precis ion floating -point calculztions,  

with pro;:rarnmcci overflow t e s t s ,  a r e  hanclled with relat ively l i t t le  increased  

operating t ime over  thst  needed for  tile machine -language operat ions 

quoted above. Part of thc reason, of course ,  i s  that  essent ia l ly  no  penalty 

is paid f o r  using an in te rpre t ive  s y s t e m  when t h z  a c t  of 'IinteTpreting" 

requires  o d y  a handful or' i a s t  nxtchinc logic a s  cont ras ted  to  the very  l a rge  

number  of machine logic comrilancls which a re  used  t o  accompl i sh  the 

s imples t  ar i thrnct ical  ope ration. 

The th ree  different  interpret ive s y s t e m s  offered €or the 160A are  

SICOIvi (a lmost  identical  to Ce:13ix G-15 D Intel*coii-l, and used  prim-srily 

with p r o z r a m s  tragslcltcd automatically f r o m  In tercom) ,  ZNTERFCR ( s imi l a r  

t o  SIC014 but with important  advantagcs in index r eg i s t e r  t rea t ixent  and in 

looping and juinp coi-;.-mznds 1, and a FOXTRAX In te rp re t e r  which appayently 
I 

i s  designeil specifically to have the mos t  des i rab le  cha rac t e r i s t i c s  f o r  

a FORTRAN Object-Code Language. Essent ia l ly  a ful l  corr ,pleaent  of 

function subrout ines  is available in each 1ang"zge. 

h e r e  (ir: milliseconds) zre  t:, bc co-mpizred \.ith the prcvious table of 

The  speeds given 

nia c i:i i'ic - 1 ail 2112- ;; e s p C: c 2 3 : 
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Addl  
Sub. 

h'ul . T 
Diva I 

FORTRAN SICOb/i INTERFOR 
( - - - - - -  1 (1 0 deciixal tiigits) ( 3 3  bit )  

4. 0 1. 0 t o  2. 0 0. s5 

14. 0 

19. 0 

6. 0 min 
22. 0 Illcz:: 

9. 0 rnin 
30. 0 max 

14. 0 

25. 0 

In addition to s u p s  r i o r  logic conimands,  INTERFOE h a s  the advantage 

over SICOi\; and FORTRAX of allo\;ling ve ry  easy  t ransi t ion back and for th  

bctv, een the s tandard INTERFOR Language and d i r ec t  mechine language. 

Thus one m a y  u s e  the excellent his11 s p e e d  editing and genera l  clntn process ing  

capabili t ies of the 150A in a3ditinn to  havin;: t h e  convcnicnce of a flexible 

and  f a s t  i n t e rp re t e r .  the TNTERFOX 

pickage  carefully protects  the word locations addres sed  by the  In te r rupt  h a r d -  

\-/are. An assen i l ly  p r o g r a m  v:ith symbolic  addressing,  re locatable  output, 

etc,  , i s  available €or INTZRFOR. 

According to  local  information the only FORTRAN f o r  the 160A is 

I 

This  provision in fac t  is quite corr-plcte: 

one that has  been adapted f rom the CDC 160 program; another  FORTRAN 

is due for r e l easc  soon by CDC, but i s  not yet available. 

CDC FORTXAN l i t e r a tu re  explicitly s t a t e s  that  'Ie . . p r o g r a m s  which 

have becn cornpiled indepeiilcntly cannot be linked together a t  cxecute 

t ime.  ' I  P r e c i s e l y  how limiting this real ly  is, i s  not c l e a r ,  but i t  does 

s e e m  c l e a r  that t!ie s y s t e m  is not convenient for  prociucing 'oiochs ol' 

programming  f o r  a s sembly  into a var ie ty  of l a r g e r  p roz ran i s  in  the way 

that our TIROS p r o g r a m  l i b r a r y  is built. 

In zny evcnt the 

5. Suggested CDC l6OA Cod igura t ion  

The following i s  a suggested configuration suitable fo r  handling up 

to  5 TLROS c a m e r a s  tdcing pictures  on a schedule s i m i l a r  t o  that now 
obtaining, while retaining s o m e  re se rve  capacity f o r  IX gridding. 

readily expandz'ule fo r  even more cameras. 

It i s  
i 
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r 1 

i 
. ?  . I  

l 160-4 

161 

36 5 

169-1 

2-606 

Base  Unit $90 ,000  

Typcw r i tc r 10, 500 

P lo t t e r  (300 s teps  . - 9 , 0 0 0  

Auxilliary 8K Riernory 50,000 

Tape  handlers and - - " - - -  

per s e c )  

or 

Control Unit 

Ex ians ion  wo~ild ca l l  for an additional plot ter  and possible spec ia l  hard- 

w n r c  to  assure optimum speed of both plot ters  vdithout undue p r o g r a m  

constraints .  

i t  shculd be noted that the CDC-?24 base unit with typcwri tc r  and 

plot ter  offcrs the same eifectivc s torage  z s  thz l 6QA with additional S K  

memory unit. 

of the lbOA ( s e e  table above). Additional cos t  is about 25 percent .  

Addition of tape units would move the cost  m a r g i n  much narrower.  

I 

I t s  effective cornputation speed is essent ia l ly  100 t in i ss  that  
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